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ABSTRACT
STUDIES ON THE ECOLOGY 
OF PSAMONYX NOBILIS (STIMPSON), 1853 
(CRUSTACEA, AMPHIPODA)
I. Life History and General Ecology
by
K. JOHN SCOTT
The sand-burrowing amphipod, Psammonyx nobilis, inhabits near­
shore, fine sand habitats from Newfoundland to Long Island. It is a com­
mon and sometimes dominant member of the macro-infauna, on New England 
sand beaches. Psammonyx is a member of the Lysianassidae, a family 
largely neglected in the ecological literature. This paper reports on 
some aspects of the life history and ecology of Psammonyx nobilis at 
three habitats of varying wave exposure in New Hampshire and southern 
Maine.
The life cycle of Psammonyx spans two years. Mating and brood 
development begins with the largest females in January and continues 
through June. Recruitment of young occurs from May to August. These 
young grow and breed in the following spring, survive and breed again 
in the spring of the next year. Fewer members of the younger generation 
were found at the habitat most exposed to wave action. At the more 
sheltered habitat, these younger animals constituted a large proportion 
of the population. Juveniles were present intertidally in the surrmer 
but were collected subtidally all year. These data suggested that 
younger segments of the Psanmonyx population, i.e., ovigerous females
x
and juveniles, remain subtidally and may breed a little later than do 
the intertidal populations. Parasitism by the cestode, Bothrimonus 
sturionis, lowered the reproductive potential of Psammonyx at the most 
exposed habitat. There the infection rate was up to 30% of the amphipod 
population. Decreased fecundity is a direct result since parasitized fe­
males are non-reproducing.
2
Intertidal geometric densities varied from 30 to 70 Psammonyx/m . 
Abundances were higher in the summer, a result of juvenile recruitment. 
Although habitat densities at exposed and sheltered beaches were similar, 
there were differences in the degree of aggregation between them. Patch 
densities and mean crowding were greater at the more protected habitat.
At these sheltered locations macrodebris and detritus settle to the bottom 
and the omnivorous-scavenging feeding behavior of Psammonyx is more com­
mon. Aided by chemosensory and tactile food detection, large numbers of 
this lysianassid are attracted to a sole food source. The result Is a 
clumped pattern of distribution. Swimming activity, I.e., foraging be­
havior, was greatest in the dark on a falling tide.
In laboratory experiments Psammonyx preferred fine sand (< .250 mm) 
over coarse sand. These fine well sorted sands are characteristic of 
the sheltered habitats where Psammonyx occurs. Respiration experiments 
showed that this lysianassid was not stressed at salinities above 15 o/oo. 
This tolerance explains Psammonyx' presence at habitats experiencing some 
salinity fluctuations.
Morphological studies indicate that the systematically important 
appendage, gnathopod 2, functions In keeping the thoracic cavity free of 
detritus. Also, the only sexually dimorphic character for this species 
is the length of pereopod 7- It is longer in males than In females.
SECTION I
INTRODUCTION
Recent studies on the intertidal sand communities of New England 
(Croker, Hager and Scott, 1975) have shown that the Peracarida, and In 
particular, the Amphipoda, are the dominant faunal group, making up from 
60% to 99% of the biomass at selected habitats. All of the amphipods, 
with the exception of Psammonyx nobilis, the lysianassid, are members of 
the family Haustoriidae, which are specifically adapted for life on surf- 
exposed, sandy beaches (Bousfield, 1970). The ecology of this family has 
been well studied on the North American Atlantic coast by Croker (1967 a, 
b, 1970), Dexter (1967, 1971) and Sameoto (1969 a, b, c). Bousfield (1970, 
1973) has reviewed his work since 1955 on the systematics of the Haustori­
idae and general distribution of intertidal Amphipoda on the east coasts 
of Canada and the United States.
The subject of this thesis is the sand burrowing amphipod, Psam­
monyx nobilis (Pig. 1), a member of the Lysianassidae, the largest family 
of marine gammarideans (Barnard, 1969). This species, Inhabiting inter­
tidal and shallow subtidal sands from Newfoundland to Long Island, is com­
mon and sometimes dominates the biomass of the sand community. The only 
previous work on northwestern Atlantic Lysianassidae is the systematic 
treatment of the closely related genus, Anonyx, by Steele and Brunei (1968). 
Although lysianassids are common members of shallow sea and abyssal faunas, 
the only published information on their ecology are Bregazzi's (1972 a, b; 
1973) work on the two antarctic species Tryphosella kergueleni and Cheir- 
imedon femoratus. This paper reports on a comparative study of the life 
history and ecology of Psammonyx nobilis from three habitats in southern
1
2Pig. 1. Psammonyx nobilis.
3
4Maine and New Hampshire.
Psammonyx nobilis was initially described by Stimpson (1853) 
as Anonyx nobilis and was later figured by Bate (1862). Shoemaker (1929) 
described it more thoroughly and transferred A. nobilis to the genus 
Tmetonyx. However, due to its very primitive characteristics, Bousfield 
(1973) has erected the genus Psammonyx, solely for this species.
SECTION II 
MATERIALS AND METHODS
Monthly collections were made in southern Maine and New Hampshire 
from July, 1972 to March, 197*1. The locations (Pig. 2) and the sampling 
periods at each site are: Poss Beach, N.H. (PB), adjacent to Rye Harbor
State Park - July, 1972 to August, 1973; Gerrish Island, Me. (GI), at the 
mouth of the Piscataqua River - November, 1972 to March, 197*1; Goose 
Rocks Beach, Me. (GRB), in Goosefare Bay - July 1972, to August, 1973.
At GRB, three subtidal collections were trade in March, July and December 
1973, while at GI nine subtidal collections were taken from November, 1972 
to January, 197*1. An additional collection was made off York Beach, Me.
(YB), in November, 197*1.
For each collection, water temperature and salinity were determined 
with a YSI one-channel telethermometer (nearest 0.1°C) and an A/0 tempera­
ture compensated refractorneter (nearest 0.5o/oo). Beach profiles were re­
corded using either a hand level and tide pole or by fitting the tidal 
curve to the predicted high and low water elevations for that day. Theo­
retical tide levels (mean high water, mean high water spring, etc.) were 
determined after Croker et al. (1975). Sand samples were taken at each 
tidal level sampled with a 3 cm diameter coring tube, to a depth of 10 cm. 
For percent water content, the samples were immediately weighed, air dried 
and oven dried at 60°C for 24 hours. Grain size analysis of these samples 
was carried out using an Emery settling tube (Emery, 1938). The mean 
grain size (graphic mean) and sorting (inclusive graphic standard deviation) 
were measured after Polk (1968). Organic carbon content was determined 
using the Shollenberger wet-oxidation method (Allison, 1965; Southward, 1965)









8with changes noted In Croker et al. (1975).
1. Life History and Density
For intertidal collections, the highest tidal level of the occur­
rence of Psammonyx was found by qualitative random sampling. On a transect 
from that point to low water, two to five stations (strata) were chosen at 
random. At each stratum, at least four samples were taken by forcing a 
0.1m2 stainless steel frame into the sand. The sediment, taken down to a 
depth of 10 cm, was sieved through a 1.5 mm mesh screen. All collections 
were preserved in 5% formalin buffered with Methanamine. Usually, addi­
tional non-quantitative samples were taken until at least 100 Psammonyx were 
collected. Subtidal samples were collected on the R/V Jere A. Chase, op­
erated by the Jackson Estuarine laboratory of the University of New Hamp­
shire, using a Shipek grab sampler of 0.04m2 area. At GI, subtidal samples 
were taken directly off the usual intertidal transect, in depths from 3 to 
15 meters. At GRB, samples were taken throughout the northern part of 
Goosefare Bay in depths of 3 to 20 meters. At York Beach, samples were 
taken off the transect studied by Croker et al. (1975) in depths of 5 and 
14 meters. All samples were sieved and preserved as above. The main ob­
jective of these subtidal collections was a comparison with the life his­
tory data accumulated intertidally. As a result, the quantitative sampling 
is strongly biased towards higher densities since samples were taken only 
in those areas where Psammonyx was abundant. Conversely, bias towards low 
density estimates results since the Shipek sampler does not sample to a 
consistent depth in the sediment, i.e., deeper in the center than at the 
sides. These two factors probably do not balance out, so the subtidal 
density estimates are suspect. Intertidal sampling provided ecological
9density estimates and not crude habitat densities, since the total avail­
able habitat was not sampled.
In May, 1973, a survey of 20 beaches in New Brunswick and Nova 
Scotia was undertaken to investigate the comparative ecology of the sand 
beach macrofauna, in particular, that of Psanmonyx nobilis and Anphiporeia 
virginiana (Hager and Scott, unpublished). Collections were made for Psam- 
monyx on the New Brunswick side of the Bay of Fundy at three beaches near 
St. John, N.B. and on the Atlantic coast side of southern Nova Scotia.
The locations in Nova Scotia were from Bayswater, at the mouth of St. 
Margarets Bay; Hunt’s Point and Summerville Beaches, at Port Mouton;
Hawk and Barrington Passage, on Cape Sable Island; and at Port Maitland, 
near Yarmouth.
The Psammonyx specimens from each sample were counted, sexed and 
measured, to the nearest 0.16 mm, from the tip of the rostrum to the base 
of the telson. Individuals were categorized in the following life stages 
according to the presence and the condition of the external repn l.uctive 
structures:
Juveniles - lacking genital papillae or oostegites 
(brood plates)
Males - genital papillae present, as buds or fully 
developed
Non-ovigerous females - oostegites without setae 
present, as buds or fully developed 
Mature females - oostegites with setae present 
Ovigerous females - eggs or embryos present in 
the brood pouch
For each ovigerous female, the eggs were counted, the size of five eggs
10
was recorded and the general stage of egg development was noted.
Seasonal densities were estimated for GI and FB by pooling the 
samples taken during each season into three stratum categories based on 
the tidal levels: higher than +0.61 m, between +0.61 m and 0.0 (MLVJ),
and below 0.0. Due to the dependence of the variance on the mean (n=30, 
r=0.91), the raw counts were transformed by log (x+1). The transformed 
stratum means and standard deviations for each season were weighted and 
a seasonal, habitat density was calculated.
2. Laboratory Observations and Experimental Studies
Swimming activity: Experiments were conducted to determine if
Psammonyx exhibited any diurnal rhythmicity in its swimming activity. 
Animals were collected at low water from FB on Nov. 18, 1973, and from 
GI on Dec. 6, 1973- Animals were returned to the laboratory and held at 
the salinity and temperature of the collection date, under natural lighting 
conditions. For the FB experiment, 75 Psanmonyx were placed in two 33 cm 
diameter plastic containers with 5 cm of habitat sand covered by 20 cm of 
water. Similar conditions were present at the GI experiment except that 
90 animals were used in each run. Hourly records were made of the number 
of Psammonyx found swimming over a 36 hour period. A red light was used 
for observations in darkness. The water was changed every 12 hours.
Dye experiment: A field experiment was carried out in June, 1973,
at GI, in an attempt to determine the relative mobility of P. nobilis. A 
0.1% sea water solution of the vital dye, bismark brown, was used to stain 
150 Psammonyx. The animals were left in this solution for 15 minutes with 
no apparent ill effects. The dye is discernible on the gills of this 
species for 48-72 hours. The stained Psammonyx were returned to t’c beach
11
in a 0.1 area at +0.25 m height. Twenty-four hours later (two tidal
cycles), 28 separate 0.04 mf* samples were taken around the release area 
in three concentric circles (Pig. 18). The animals, stained and unstained,
in each sample were counted, sexed and measured.
Sand grain preference: Beach sand from Old Orchard Beach, Me.,
chosen for its coarseness, was sieved through a 0.250 mm mesh Tyler 
screen to obtain two sand fractions, one larger and one smaller than 
0.250 mm. Six, 10 cm diameter finger bowls were divided in half with 
plasticene and each type of sand, 2 cm deep, with sea water were put in 
each bowl. Twelve Psammonyx were introduced into each of four finger bowls 
and 30 animals were put into each of the remaining two bowls. The six 
fingerbowls were immersed in sea water trays under constant light. The 
numbers of Psammonyx in each sediment type were counted 12 hours later.
The two grades of sand were used to determine the relative bur­
rowing times of this amphipod in each type. Five centimeters of sand 
were placed in a 950 cc jar filled to the top with a 5 cm depth of sea 
water. Thirty Psammonyx specimens were used for each determination.
Animals were introduced singly into the jar and the time interval re­
corded from the moment the animals were put into the water until they 
were completely buried in the sand. Animals exhibiting extensive swimming 
behavior were not used.
Respiration: Since Psammonyx inhabits beaches experiencing some
salinity fluctuation, experiments were conducted in May and September,
197^ 5 on the affect of salinity on respiration. In May, respiration 
rates were determined for P. nobilis collected from GI, using a Gilson 
differential respirometer. The test salinities made from dilution of 
sea water with distilled water were 7, 1^ , 21 and 28 0/00. In September,
12
Psammonyx collected at botn GI and FB were tested at 8, 16, 24 and 32 o/oo 
with a Warburg apparatus. The experimental temperatures were the sea­
sonal water temperatures: May 10-12°C, September l6°C.
The animals were acclimated Tor 24 hours at the experimental 
salinity and temperature. For each experiment, five readings were taken
at 30 minute Intervals after a 45-60 minute equilibration period. Fol­
lowing each experiment, the animals were air dried and then oven dried 
at 100°C until weight was constant. They were weighed to the nearest
0.1 mg. The results are expressed as microliters consumed /mg /hour.
Gut analysis: The guts of 85 Psammonyx were analyzed to determine
the general nature of the diet. Those animals examined were collected 
from the three habitats in March and July, 1973* The remains of crus­
taceans, polychaetes, algae and detritus found in each gut were noted 
and their frequency of occurrence recorded.
Parasites: The cestode, Bothrimonus sturionis, was found in
P_. nobilis and further studies were undertaken to determine the incidence 
of infection. For the three locations material collected in November, 
January, April and July, 1972-73 was examined. Psammonyx from FB, taken 
August through October, 1972 and November, 1973 were also studied. Ob­
servations were made on the behavior and morphology of parasitized am- 
phipods.
Morphometry: Several morphometric characters were studied on
both sexes of Psammonyx. Fifteen males and females from each habitat 
(90 total) were examined for the following characters: eye width, number
of segjnents of antenna 1 flagellum, spination of pereopod 6 propod, 
length of pereopod 7 propod, spination of uropod 3 outer ramus and telson
13
splnatlon-lateral and terminal. Fifty additional animals were examined 
for the length of propodus of pereopod 7.
General laboratory observations: During the course of this study,
live Psanmonyx were collected periodically and kept In running sea water 
In the laboratory. They were held In large plastic dishpans with 5-8 cm 
of sand. These amphipods were used for observations on burrowing, swim­
ming, feeding and mating behavior. Although the temperature and salinity 






Hie three habitats varied in a number of environmental factors, 
the most important of which are: the degree of exposure to wave action,
salinity fluctuations, and sand grain size. These factors and several 
others are summarized in Table 1 and below.
The extent of sand is limited at Foss Beach (Fig. 3) above mean 
high water by a sea wall barrier and at Gerrish Island (Fig. 4) above 
extreme high water neap by rocks. Goose Rocks Beach (Fig. 5) has a 
more typical beach, berm and sand dune formation. At all three locations 
a low tide flat was the area sampled most extensively for Psammonyx.
These flats remain quite wet (approximately 20% water content) through­
out the tidal cycle and do not experience the summer drying and winter 
freezing found at higher beach elevations. In these areas, a black, re­
ducing layer, indicating anaerobic conditions was present 8 to 10 cm 
deep in the sand at both GI and GRB. This layer was found throughout 
most of the year at these two habitats, but occurred only sporadically 
at FB, and never persisted for more than two months.
Foss Beach, with an easterly exposure, is subject to moderate 
wave action throughout the year, but experiences the most severe energy 
conditions in the fall and winter as a result of the prevailing north­
east winds (Helle, 1958). Beach slopes here change quite dramatically 
during the year due to the movement of sand between the intertidal and 
subtidal zones (Fig. 6). The factors responsible for these movements
15
Table 1. Some physical characteristics of Gerrish Island, Poss Beach 
and Goose Rocks Beach, July 1972 to March 1973.
Gerrish Island Foss Beach Goose Rocks Beach
Exposure
Beach Width to MLW(M)
Average Slope
Range of Salinity 
Variation (o/oo)






Org. Carbon at LW (o/o)




































open coast, well protected 







rents in fall 
and winter
* beach profiles and widths not measured
have been extensively reviewed by King (.1959)- On most collection dates, 
patches of cobble were observed at the lower levels further indicating 
that the thin layer of covering sand is in constant flux.
In contrast, the transect at GI is rarely subject to severe 
wave or storm conditions. Looking across the mouth of the Piscataqua 
River, it is a southerly facing beach, protected from sea conditions 
to the west by a rock outcrop and an island. On the other side, a pier 
breaks up the river's strong tidal currents (up to 4 knots). Because of 
this sheltering, the beach slope (Fig. 6) does not change too much and a 
stable sand environment exists intertidally.
Goose Rocks Beach is also a protected habitat with Goose 
Rocks Island directly seaward of it. The southerly facing low tide flat 
received little wave action during the summer. In the fall and winter, 
there are strong currents across this flat attributable to the north­
east winds. The subtidal area sampled is typical of most areas off New
England beaches, offering a more protected environment that Its intertidal
counterpart. At GI the opposite is true.
The three beaches are made up of very well sorted, fine sand, 
in the areas sampled for Psammonyx. The values of mean sand grain size 
range from 2.00 to 3*00 phl(<f>), corresponding to 0.250 and 0.125 mm, 
respectively. While these beaches all consist of fine sand at the lower 
levels, there are significant differences in mean sediment size (Paired t 
tests, p< 0.001) that results from the high degree of sorting, i.e., the 
homogeneity of the sediments. Sands with sorting values less than 0.350 
are considered very well sorted, approaching the best sorting attained 
by natural sediments (Folk, 1968). The subtidal and intertidal values 
for sorting are not different at GRB but are significantly different at
17
Fig. 3. Foss Beach, New Hampshire.
Fig. 4. Gerrish Island, Maine.
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Fig. 5. Goose Rocks Beach, Maine.
i
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Fig. 6. Beach profiles at Foss Beach (FB) and Gerrish Island (GI) in 
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GI (p< 0.001). The more poorly sorted subtidal zone is characteristic 
of beaches associated with rivers (Polk, 1968). Generally correlated 
with finer sediments is a higher organic carbon content. Although the 
same trend is evident in this data* only four samples from each habitat 
were analyzed for organic carbon and little more can be said concerning 
this relationship.
Annual sea water temperature variations for coastal New England 
are shown in Figure 7- Prom March to June, there is a rapid increase 
from below 5° C to 18° C In late summer. Temperatures then decline to 
near 0° C by February.
Salinity variation from December to August is not as great at 
FB as it is at GI and GRB (Fig. 8). Spring melt and rains contribute 
to these fluctuations at the latter two habitats since both are influenced 
by river drainage. This influence is greater at GI where daily variation 
in March and April is as great as 10 0/00.
To summarize, the physical characteristics, namely grain size 
and beach morphology, reflect the relative types of energy affecting 
these three habitats. These conditions are applied in the following 
sections to an understanding of the life history and distribution of 
P. nobilis, as well as the types of sand communities present,
2. Life History
a. Life Cycle
Data describing the life cycle can best be represented by 
monthly size frequency histograms of the various life stages. They show 
not only the population proportion each life stage constitutes, but also
24
Fig. 7. Surf tenperatures (°C) at Gerrish Island (GI), Foss Beach (FB) 
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Fig. 8. Surf salinities (o/oo) at Gerrish Island (GI), Foss Beach (FB) 












the size relationships from month to month. These histograms were con­
structed for the three habitats but only that for Gerrish Island is 
shown here as it is typical (Pig. 9). Life history data for Foss Beach 
and Goose Rocks Beach are shown in Appendix Table 1. On each histogram, 
the males are in the upper left quadrant, the juveniles in the lower 
left quadrant, the non-ovigerous females in the upper right quadrant 
and the ovigerous females in the lower right quadrant.
The generation time for Psammonyx is approximately two years. 
Breeding takes place from January to June, characterized by the presence 
of ovigerous females. Broods are released sometime in late May, June 
and July. The juveniles are dominant, comprising 85% and 80% of the 
total population in June and July. Although there were many young animals 
in the May collections, most of them did not appear to be free-living 
and they may have been released from female marsupia during collection 
and preservation. Juveniles acquire sexual characteristics, i.e., buds 
of genital papillae or oostegites, by late September, at about 5-5 mm 
length, and reach 10 mm in length by December. The males, and at least 
some of the females of this generation reproduce in their first spring. 
Inspection of Figure 9 shows that surviving females of the previous gen­
eration breed first in the present breeding season. This view is sup­
ported by the mean size of the ovigerous females, that decreases from 
February to June. In June, the mean size of the ovigerous females is 
equal to or less than the mean size of the non-ovigerous females (Fig. 10). 
The females that have just released their broods remain in the popula­
tion as non-breeding females. This was also the case at GRB and IB (Ap­
pendix Table 1). The larger ovigerous females, those of the previous 
year’s generation die sometime in the spring or summer after brood
29
Fig. 9- Monthly percent size frequency histograms of Psammonyx life
stages at Gerrish Island; February 1973 to March 197*1. Number 
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Fig. IQ. Monthly mean lengths of Psammonyx life stages at Gerrish Island; 
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release. The present year's ovigerous females, moult after release 
and retain their brood plates in a fully developed, non-setose condition. 
Gonad maturation begins in the fall and early winter, possibly initiated 
by the decreasing water temperatures or shorter photoperiod. Figure 
11 summarizes the breeding and recruitment of intertidal Psammonyx 
populations.
The mean size of the females throughout the year is larger than 
that for the males (p< 0.001) and this difference is probably character­
istic for the species. Monthly mean sizes at the three habitats were 
shown, by analysis of variance to be significantly different (p< 0.001) 
and Duncan's multiple range test revealed this difference to be between 
GI and both of the other two habitats (p< 0.05). The mean size of adult 
animals at GI was less than it was at FB and GRB. A comparison of the 
relative recruitment and number of ovigerous females at the three habi­
tats shows that there are proportionately more ovigerous females and con­
sequently more juveniles at GI (Fig. 12). This means that there are more 
of the younger generation present there and as a result the mean sizes 
are smaller, especially in the fall and early winter (Table 2).
Table 2. Mean sizes (mm) of males (M) and females (F) at the three 
habitats in September, October and November.
Gerrish Island Foss Beach Goose Rocks Beach
M F M F M F
Sept. 8.19 8.57 9.55 9.68 9.63 9.69
Oct. 8.88 9.92 9.95 10.57 10.03 10.47
Nov. 9.68 10.55 9-63 12.35 9.73 12.06
34
Pig. 11. Generalized periods of breeding and recruitment for successive 
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Fig. 12. Proportions of ovigerous females to total females and of juveniles 
to the total population of Psammonyx from Gerrish Island (GI), 













Comparisons between intertidal and subtidal data collected at 
GRB and York Beach (YB) reveal some important differences (Table 3). 
Juveniles were present in the GRB March and YB November subtidal samples 
indicating that they may be present there all year. Intertidally, they 
were collected only from June to October at GI, FB and GRB, while one 
juvenile was taken at GRB in November. The mean size of the subtidal 
adults was smaller in November and March but nearly the same as the in­
tertidal population in July. This size difference may indicate that the 
subtidal and more protected part of the habitat provides a "refuge" 
for the younger segments of the population, leaving the intertidal 
zone for the older and, presumably, more tolerant adults. Some support 
for this view comes from data collected at Old Orchard Beach, Me. (Hager, 
unpublished) and York Beach, Me. (Croker et al, 1975) showing that 
Psammonyx occurs intertidally only during the spring months at its 
larger sizes. At somewhat less exposed beaches, e.g., FB and GRB, 
Psammonyx inhabits the intertidal zone all year, and in sheltered areas 
like GI, a greater proportion of the younger generation remain within 
the intertidal zone thus explaining the smaller size of the population 
and the greater number of juveniles found at GI.
Two possibilities might explain the subtidal occurrence of ju­
veniles in March (Table 3)- One is that mating takes place all year long, 
while the other is that the younger ovigerous females migrate or remain 
subtidally, releasing their broods in the late summer or early fall, 
when the cold water temperatures prohibit the growth and maturation of 
the young until the following spring. No ovigerous females were collected 
subtidally in November at YB or in December at GRB, so year around mating 
would seem unlikely. The large size of the March juveniles (6.21 mm),
39
Table 3- Mean sizes + 1 SD for juveniles, males and total females and 
% juveniles of population at subtidal (Goose Rocks Beach and 
York Beach) and intertidal (Goose Rocks Beach and Gerrish 
Island) habitats for March, July and November.
March July November
Males
Subtidal 7-77 ± 1.37 9.04 ± 1.00 7.73 ± 1.79
Inter GRB 9.89 ± 1.46 10.43 ± 1.24 9.73 ± 2.01
Inter GI 10.12 ± 1.26 7-35 ± 2.11 9.68 ± 1.82
Females
Subtidal 8.08 ± 1.72 9.82 ± 1.01 8.57 ± 2.30
Inter GRB 11.56 ± 1.93 11.57 ± 1.68 12.06 ± 2.55
Inter GI 11.46 ± 1.46 7.42 ± 2.63 10.55 ± 1.77
Juveniles
Subtidal 6.21 ± 0.65 4.36 ± 0.60 5.29 ± 0.39
Inter GRB - 4.58 ± 0.49 6.24 (1 Juv.)
Inter GI - 5.10 ± 0.51 -
% Juveniles
Subtidal 4.9 69.6 31.8
Inter GRB 0.0 65.6 0.7
Inter GI 0.0 77.6 0.0
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indicates that they had not recently hatched from broods of that spring's 
ovigerous females. The second alternative explains both the large size 
of the juveniles and the absence of ovigerous females in the fall. It 
is possible then, that subtidal females mate late in the spring, and re­
lease their broods in the fall. These young overwinter as juveniles, 
grow and mature in the spring and reproduce in the late spring and sum­
mer. In contrast the intertidal juveniles mature by September when the 
water is still quite warm.
b. Fecundity
The number of eggs brooded by Psanmonyx varies considerably from 
less than 10 to between 50 and 60, depending on the size of the female. 
Hie egg number and size of the ovigerous females at the three habitats 
were positively correlated (Table 4) and the egg number and size regres­
sions significant (p < 0.001), (Fig. 13)*
Table 4. Mean egg number and ovigerous female size + 1 SD at the 
three habitats,
Gerrish Island______Foss Beach Goose Rocks Beach
mean egg
number 19.23 7.43 23-54 10.70 21.48 9-51
mean size 12.22 1.49 12.80 1.80 12.81 1.75
correlation
coeff. (r) 0.881 0.919 0.908
The data indicate that Psammonyx females breed at an average 
size of 12-13 mm producing an average of 19-24 eggs per female. There 
is a strong tendency for the number of eggs per female to decrease as 
the breeding season progresses (Fig. 14). The differences between fe-
41
Pig. 13. Egg number and female size regressions for Psantnonyx from Gerrish 
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Fig. 14. Mean fecundity of Psammonyx at Foss Beach (FB), Goose Rocks 











cundity at the beginning and end of the breeding season are significant 
(Paired t, P< 0.001) for FB and GRB, but not for GI. The female size 
differences reflect the same tendency but again, they are not as great at 
GI. The differences in fecundity among the three habitats and between 
the beginning and the end of the breeding season can best be explained 
by the fact that larger females are t. _eding first and that there are 
more younger generation females present at GI, based on the positive re­
lationship of brood and female size. Disregarding this, however, there 
would be adaptive value for greater fecundity In the harsher habitats 
to offset a greater mortality risk. The affect of parasitism on the re­
productive potential of Psammonyx is discussed below.
Very few mature females (setose oostegites) without broods were 
found, indicating that this stage Is very brief. Copulation takes place 
shortly after the moult in which the oostegites become setose. The eggs 
are laid while the exoskeleton is still soft, facilitating their passage 
from the ovary into the brood pouch. After fertilization, development 
proceeds in a fairly regular fashion. In January and February most of the 
eggs were in the early stages of development, from 4-32 celled. In 
March and April they were all at least many celled with some having em­
bryonic differentiation noticeable. By May and June the eggs were ful­
ly differentiated with body segmentation and eyes present while some had 
shed the egg shell and were living as free embryos in the brood pouch. 
Although no laboratory observations were made specifically on brood 
development, the field data indicates that the females carry the eggs 
for about four months. This pattern of gonad maturation and brood 
development In the coldest months of the year is expected for animals 
having a sub-artic and boreal distribution (Dunbar, 1968).
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c. Behavioral Observations on Reproduction
Observations on the mating activities of Psammonyx were made 
on eight pairs in February, 1974. The male grasps the female laterally, 
on her right side, holding onto her anterior coxae with gnathopod 1.
Pairs swam in the water column in this manner, with both male and female 
actively swimming. Some of the females burrowed into the substratum, 
the male remaining in the same position. Although subsequent egg 
laying and fertilization were not observed, this is probably the form 
precopula takes in Psammonyx. None of the females had oviposited so 
presumably the male stays with her until she does so. Sperm transfer 
was not observed, but in two instances the male was observed trying to 
flex his abdomen under that of the female.
If the sperm are released as the male flexes under the female, 
they could be cast forward into the marsupium by her anterior pleopods.
No other observations are available to support this speculation. Mor- 
phometric differences between the sexes and their importance to mating 
will be considered in another section.
The behavior of ovigerous females, in terms of burrowing, swim­
ming activity and feeding, was not observed to be different from that of
non-ovigerous females.
Field observations in May and June indicate that brood release
may occur in the sand although the possibility of release in the water
column is not excluded. Several ovigerous females were seen 2-5 cm below 
the sand surface with many juveniles nearby. One female still had young 
in the brood pouch. Croker (1968) has observed that young amphipods 
make excursions to and from the brood pouch in the haustoriid, Neohaus-
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torius schmitzi. This phenomenon may be possible in Psammonyx but was 
not observed. Release in the sand would enable the young animals to 
begin feeding and allow their exoskeletons to harden with greater pro­
tection from biological and physical factors. In the actual mechanism of 
release the female straightens her body and appendages thereby separating 
the overlapping oostegites, allowing the juveniles to crawl out.
d. Sex Ratios
At the three habitats, the sex ratio varied greatly throughout 
the year. The only trends, as shown in Figure 15, are that the lowest 
male to female ratios occurred In November and December, while the high­
est ratios were in February, March and April. From December to February 
there is a pronounced upward trend to ratios greater than one. During 
the first part of the breeding season, then, the greater numbers of males 
present intertidally insures that all females ready to breed will be 
fertilized. This greater proportion of males does not result from greater 
female mortality but rather could be due to a differential movement of the 
two sexes. Either the females move subtidally or the males move into the 
intertidal zone. There may be a need for a greater proportion of males 
intertidally since periods of activity there are reduced. In spite of 
these monthly differences the average sex ratio for the year remains close 
to one (FB-1.05, GRB-1.02, GI-1.16).
Examination of the sex ratio in relation to tidal level re­
vealed that the sex ratio varied consistently from the highest to the 
lowest beach levels sampled throughout the year. The higher levels had 
greater proportions of females while the lower levels had greater pro­
portions of males (Mann-Whitney U test, p< 0.05) at both FB and GI. The
48
Fig. 15. Sex ratios of Psammonyx males to females at Foss Beach (FB), 
Goose Rocks Beach (GRB) and Gerrish Island (GI).
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females apparently can penetrate the intertidal to a greater extent than 
the males. There is not a clear separation of the sexes, however, since 
the Intertidal zone inhabited is very narrow. It is possible that there 
would have been a sharper difference if the subtidal populations had been 
studied on a monthly basis.
The greater size of adult females is reflected in the relation­
ship of the sex ratio with size. For all sampling dates the male to 
female ratio in the 8-10 mm size class was less than one in 11.6$ of 
the collections. In the 12-14 mm size class this ratio was less than one 
in 90.1$ of the collections. Therefore most of the larger animals are 
females, while most of the smaller ones are males. This may account for 
intertidal differences in the sex ratio since larger animals may be able 
to move higher on the beach due to greater strength and mobility. Another 
explanation may be that selective fish predation at lower levels removes 
the larger females from the population.
e. Life History and Parasitism
The infection of Psammonyx by the cestode, Bothrimonus sturi- 
onis, was found by Scott and Bullock (1974), to vary with the habitat 
as well as with the time of the year (Fig. 16). Both GI and GRB had 
relatively low infection rates. Peak infection occurred in the spring, 
the time of year typical for other amphipod species acting as intermediate 
hosts for this parasite (Sandeman and Burt, 1972). At Foss Beach however, 
peak infection, as high as 32$ of the Psammonyx population, occurred in 
the fall.
Parasitized Psammonyx showed no obvious changes in coloration 
or swimming and burrowing behavior that would make these animals more
51
Fig. 16. Proportion of the Psammonyx population parasitized by Bothrlmonus 
sturionis at Foss Beach (FB), Goose Rocks Beach (GRB), and Gerrish 
Island (GI).











susceptible to predation. No significant differences in the sex or size 
of parasitized amphipods were observed although larger Psammonyx carried 
larger cestodes. The apparent absence of these effects rules out the 
possibility of differential mortality due to predation, causing changes 
in the population structure dependent on the infection rate. Rather, 
infection has an important influence on the reproductive potential of the 
two sexes. The gonads of parasitized females do not develop at all, 
whereas those of males develop normally. The ovary takes up considerable 
space in the dorsal body cavity and the size of Bothrlmonus, alone would 
prohibit its growth. In addition there may be some physiological effect 
exerted by the parasite on gonad development.
This effect is evident only at FB where peak infection occurs 
during the period of gonad maturation. Assuming a one to one sex ratio, 
the infection rate of females is about 30%, and the breeding potential 
at this Iiabitat is therefore reduced considerably. If the mean proportions 
of ovigerous/total females at the three habitats (Fig. 12) is corrected 
by their respective peak infection rates, it Is seen that PB would have 
the same percentage of ovigerous females as GI while both are still 
higher than GRB (Table 5). The persistence of this condition and Its 
subsequent affect on the survival of the Psammonyx population at PB Is 
unknown.
Table 5. Mean percents of ovigerous/total females, and the percentages 
corrected by the peak infection rate at each habitat.
Ovigerous/total Infection Corrected
females (%)_______ rate (%)_______mean (%)
Gerrish
Island 41.3 9-1 45-4
Foss Beach 29.9 32.4 44.3
Goose Rocks
Beach 29.8 1.5 30.3
54
f. New Brunswick and Nova Scotia Life History Comparisons
The comparative life history data for the Bay of Fundy, eastern 
Nova Scotia and New England beaches are summarized in Table 6. Ovigerous 
females made up 13$ to 45$ of the total population at eastern Canadian 
and New England beaches. Except for GI, the percent of non-ovigerous fe­
males ranged from 20$ to 33$. This discrepency between GI and the other 
habitats is probably related to the higher incidence of smaller females 
breeding at that time. The sex ratios at the Canadian habitats are as 
variable as they are in New England.
The mean sizes In Table 6 shows habitat differences In sizes of 
certain segments of the population. At St. John (Bay of Fundy), the mean 
sizes of the males and non-ovigerous females were smaller than those at the 
other Canadian and New England habitats, whereas the ovigerous females were 
the same size or larger. Also noteworthy is the unique presence at St.
John of large juveniles as well as a large proportion of smaller individ­
uals in the 6 to 9 mm range. This situation is similar to that found sub­
tidally at GRB in March and it may result from the same conditions. These 
samples were collected on sheltered low tide flats of fine sand which, con­
sidering the remarkable tidal conditions in the Bay of Fundy, may be under 
6 to 9 meters of water at high tide, as compared to about 3-5 meters in 
New England.
The size data show that the breeding season in the Bay of Fundy 
and eastern Nova Scotia may begin later apparently because of lower 
yearly water temperatures. In New England, the mean size of ovigerous 
females decreases as the breeding season progresses until in May and 
June there is no real difference between them and non-ovigerous females 
(Fig. 10). The greatest difference in size between the two groups oc-
Table 6. Comparative life history data collected at three New England habitats, one in the Bay of Pundy 
and four in the eastern Nova Scotia in May 1973. (J-juveniles; M-males; FN-non-ovigerous 
females; FO-ovigerous females)
Location j
I  U M l
M
A . J . O .  L /_ L U 1  i
FN FO Males/Females J M
V - I U i i ;  J .  JL U L Z
FN FO FC-FN(niI
St. John 4 57 26 13 1.45 60.40±0.l6 9.15+2.18 7.86+1.27 13.25+1.32 5.31
Bayswater - 39 20 4l 0.65 - 9.83±1.66 9.45+1.37 12.51ll.42 3.06
Hunt's Point 
Summerville
- 56 21 23 1.26 - 10.55±1.6o 10.6211.80 13.48±1.49 2.86
Hawk and 
Barr. Pass.
- 34 22 45 0.51 - 10.65+1.49 10.7911.76 13.33±1.84 2.54
Port
Maitland
- 38 26 36 0.61 - 9.68+1.20 8.45+0.52 12.41+1.81 3.96
Gerrish
Island
- 51 3 45 1.06 - 10.27—1•25 10.48+1.44 I2.l0il.38 1.62
Foss
Beach
- 46 21 33 0.88 - 9.97*1.48 11.50±2.85 11.67±l. 57 0.17
Goose Rocks 
Beach
- 41 33 26 0 .71 - 9.4l±1.64 11.58+2.24 ll.71il.40 0.13
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curs at the onset of breeding. The size difference in eastern Canadian 
populations ranges from 2.5^  to 5-31 mm while in New England it is from 
0.13 to 1.62 mm. This difference is the result of fewer smaller females 
breeding at the Canadian beaches. These younger females may not breed 
in their first year as they do in New England or they breed later in the 
year. For the latter case, broods could be released intertidally as late 
as October.
3. Distribution and Density
a. Geographic Distribution
Psammonyx nobilis is found from Newfoundland to Long Island 
Sound (Bousfield, 1973)- In the course of this study, surveys of over 
20 beaches in southern Maine and New Hampshire, and of more than 20 
beaches in New Brunswick and Nova Scotia showed that it is common inter­
tidally. The species is not as abundant as the more ubiquitous species 
of Haustoriidae. At Foss Beach in the summer it may comprise up to 75% 
of the total infaunal biomass but only 10% of the total numbers (Croker 
et al., 1975)- It is very common in the St. Lawrence Estuary and is found 
in some areas with salinities down to 20 o/oo during the summer (Bousfield, 
pers. comm.). There are no records of its intertidal occurrence south 
of Rhode Island although it has been collected subtidally off south­
western Long Island (Steimle and Stone, 1973) and in Absecon Inlet, New 
Jersey (Icthyological Associates, A. Frame, pers. comm.). There are 
no reports of the intertidal occurrence of Psammonyx in Long Island 
Sound and its intertidal distribution is probably restricted to north 
of Cape Cod.
Recent subtidal studies have shown that Psammonyx is common
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and fairly abundant in Cape Cod Bay (A. Michael, pers. comm.; Young et 
al., 1971), off New Hampshire (Normandeau Ass., 1973; Gnewuch, 1972) and 
Maine beaches (this study), as well as in the Bale de Chaleurs (Ledoyer, 
1971). in all of these investigations, the occurrence of Psammonyx was 
associated with fine or very fine, well sorted sediments.
b. Density
Arithmetic intertidal density estimates for PB and GI range 
from 5 to 9 Psammonyx /0.1 m2 with the exception of the GI summer den-
p
sity which is 22.6/0.1 m (Table 7). The geometric densities, shown
in Figure 17, are less variable and lower, ranging from 2 to 7 animals/
2
0.1 m . The affect of the logarithmic transformation, is to reduce the 
variability, yielding a more statistically sound estimate. These habi­
tat densities are more variable at GI where the greatest abundance oc­
curs in the summer, during recruitment. At PB this trend is not as ob­
vious. The juvenile densities in June, July and August (Table 8) ex­
plain this difference in summer habitat densities, showing that GI is 
a much more favorable habitat for the young. Other seasonal differences 
between these two habitats were not apparent. Goose Rocks Beach was not 
used in the density analysis since a permanent transect was not established 
due to the erratic occurrence of Psammonyx.
The vertical distribution of Psammonyx on the beach always 
extended from about mean tide level to low water (+1.3 in to 0.00).
At FB, greatest densities were found at the low water station. At GI, 
however, and sometimes at GRB, the highest densities were usually at 
stations one to two feet above mean low water.
As stated in Materials and Methods (p. 8), subtidal densities
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Table 7. Arithmetic intertidal densities, (mean nos./O.l m2 + 1 SD) for 
Foss Beach and Gerrish Island, seasonally, and the variance 
to mean ratio.
FB GI
mean ______ var./mean_____ mean______ var./mean
Fall 1972 7.6±7.3 6.99
Win 1972-73 6.8±7.7 8.70 6.4±9.1 18.90
Spr 1973 5.6±3.9 2.72 5.4±5.9 6.65
Sum 1973 6.9+6.7 6.49 22.6±44.7 88.49
Fall 1973 8.6±13.0 19.60
Win 1973-74 6.5±10.5 17.32
Table 8. Geometric habitat densities (mean nos./O.l m2 ± SE) for 













Fig. 17. Intertidal geometric densities (±95# confidence interval) of





























are strongly biased toward the upper end, but they give some Idea as 
to what potential subtidal densities might be. As a result, these 
densities (Table 9) are higher than any of the intertidal habitat es- 
anates. The only exception is GRB in December, when very few Psammonyx 
vere found. Since the same areas were not sampled on successive dates, 
nothing can be said about fluctuations of these maximum densities. At 
GI, Psammonyx does not inhabit the subtidal areas off the normal transect. 
In the nine collections, only 53 animals were taken in 138 samples. The 
relative absence of Psammonyx from this area, indicating unfavorable con­
ditions, is related to the river scour.
2
Table 9- Geometric subtidal densities (#/0.1 m + SE) at Goose Rocks 
Beach and York Beach.
nos./0.04 m2 estimated nos./O.l
GRB Mar 1973 3-73+1.20 9-33
GRB Jul 1973 5.l8±l.l4 12.95
GRB Dec 1973 1.92±1.32 4.80
YB Nov 1974 6.29±1.44 15-73
During the summer and fall of 1972 crude densities of Psammonyx, 
off North Beach and Hampton Beach, New Hampshire, were between 1 and 
2/0.1 m^ (Normandeau Associates, 1973). Based on Its presence at 63% 
of the stations in that study Psammonyx was considered a dominant macro- 
faunal species.
c. Microdistribution
The particular pattern a species distribution takes in a local 
environment may be classified in three categories: uniform, random or
clumped. Although dependent on the sample quadrat size, the variance
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to mean ratio may give an indication of the pattern, i.e., a ratio 
less than one referring to a uniform pattern, equal to one, a random 
pattern and greater than one, a clurrped pattern. Many animals exhibit 
some degree of aggregation and as shown in Table 7S the variance/mean 
ratio for Psammonyx was always greater than one. In addition, the den­
sity >frequencies for each of the three habitats were significantly dif­
ferent from the random Polsson distribution (p<0.005) signifying that 
the pattern was not random but aggregated. Even though the mean den­
sities at GI and FB were not too different, field observations sug­
gested that the degree of aggregation and the patch densities were 
greater at GI.
One means of expressing this difference Is the index of mean 
crowding (m) and patchiness (P) developed by Lloyd (1967). Mean crowding, 
when applied to quadrat counts, can be defined as the mean number per 
individual of other individuals in the same quadrat. The ratio of this 
term to the mean density Is the patchiness, i.e., how many times as 
crowded an individual is, on the average, than it would be if the popula­
tion had a random distribution. The methods employed in formulating 
these indices assume that the samples are taken from a negative bi­
nomial distribution and its parameter, k, is used in the estimation of 
%m and P. If uncertainty arises as to the fit of a particular distribu­
tion to the negative binomial, as in this case, due to habitat hetero­
geneity, k, can be estimated from the truncated negative binomial, 
using the number of quadrats having only one individual (Brass, 1.958).
The mean crowding then is:
* (l-w)(l+k)
m = w
where w and k are estimated from the mean and variance of the truncated
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negative binomial distribution. This method was applied to samples
taken from +0.61 m to mean low water on two successive months in each of
the four seasons. The values for mean crowding and patchiness (Table 10)
in any given season are higher at GI showing that Psammonyx is more crowded
*
there than at FB. The highest m at GI is in the summer whereas the least
degree of crowding and patchiness at both habitats occurs in the spring.
Low spring values might show that the animals are spreading out
over the habitat to decrease competition for food resources during the
upcoming summer recruitment. The mean crowding at GRB in the summer
%
is also high (^ 9.95±l6.36). Subtidal estimates of m in March and July 
at GRB are 28.99±l6.26 and 82.67±65.08, respectively. Compared to 
the intertidal values, these are high but so were the mean densities.
The patchiness was 1.91±-788 in March and 7-64±6.79 in July. The only 
other reported values of these indices for Infaunal crustaceans are 
for the amphipod Neohaustorius schmitzi (Dexter, 1971) where mean crowd­
ing was 5-22 and patchiness was 2.7, for a mean density of 53.5/0.1 rrtu 
The high mean crowding values in the summer subtidally at GRB 
and at GI result from release of juveniles which stay near the parent 
female. In contrast, the summer values at FB are not high, reflecting 
fewer numbers of juveniles found there (Table 8). The more aggregated 
pattern at GI throughout the year probably results in part from the am- 
phipod's feeding behavior (discussed below) where large numbers of 
Psairmonyx congregate around one food source. The fact that crowding 
is greater at GI, although the two habitat densities are about the same, 
indicates that this behavior is more prevalent there. This would be 
expected since opportunity for this type of feeding would be greater in 
more sheltered habitats.
x
Table 10. Mean crowding Cm) and patchiness (P) ± SE for Foss Beach and Gerrish Island in 
each season 1972-74.
m P
FB GI FB GI
Fall 1972 13.51±2.68 1.48± .20
Win 1972-73 13.l4i8.55 22.94+11.51 2.49H.84 5.3H4.89
Spr 1973 7.48+0.75 12.14+ 3.69 1.0010.05 1.62+0.42
Sum 1973 12.91+4.39 46.18+20.83 2.09+0.78 3-5012.52
Fall 1973 34.44±13.89 2.3911.03
Win 1973-74 28.17±8.53 1.7410.43
Mean 9.78 28.77 1.75 2.91
ON-t
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Actual patch area was not studied quantitatively hut was es­
timated qualitatively. When a patch was found, almost all the sand in 
that area was sieved until the amphipod numbers began to decline. Usu­
ally these areas of high densities were no larger than a meter in diameter, 
with a transition from many Psammonyx to none on the perimeter. The dis­
tribution of the patches and the patch densities probably change with 
every tidal cycle, in response to corresponding changes in food source 
availability.
d. Dispersal
Results of the dispersal experiment are shown in Figure 18 il­
lustrating the resampling design and location of recaptured Psammonyx.
Of the 150 amphipods marked, 15 remained in the release area and 12 
others were found in higher quadrats while the remaining nine were 
found at the same level or lower. These data indicate only that the
O
majority of Psammonyx released in the 0.1 m had dispersed. Assuming 
no adverse affects from marking and handling, nor increased predation, 
this dispersal would be due to Psammonyx1 mobility.
4. Behavioral Observations and Experimental Studies
a. Feeding: Behavior and Ecology
Psammonyx nobilis is a scavenger-omnivore, feeding on many 
kinds of animal and plant food. Infaunal invertebrates eaten by Psam­
monyx, observed in the field on animals just collected and held in 1.9 
liter jars, are the polychaetes: Pygospio elegans, Scolelepis squamata,
Nepthys spp., and the amphipods Protobaustorius deichmannae and Acan- 
thohaustorius millsi. These observations were repeated in the labora-
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Pig. 18. Sampling scheme for Gerrish Island dispersal experiment. Numbers 
indicate the number of marked Psammonyx recaptured in each quadrat. 
The center quadrat is 0.1 n? and all others are 0.04 nr.
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tory and Psammonyx was also seen feeding on dead members of Its own 
species. Experiments on live food preferences failed because suitable 
quantities of healthy prey could not be maintained. Psammonyx kept In 
the laboratory readily accepted pieces of the blue mussel Mytllus edulis, 
a probable natural food. Presumably, this amphipod will also feed op­
portunistically on infaunal bivalves, such as Tellina, Macorna and Mya.
These possible food sources are further substantiated by the 
gut content analysis. Table 11 shows the percentage of entire guts con­
taining remains of crustaceans, polychaetes and algae. In addition to 
these, almost all guts had some unidentifiable detritus and amorphous 
material in them, along with a few occasional sand grains, probably 
ingested secondarily during feeding. Various parts of the digestive 
tract were empty but of the 90 guts examined, only 8% were totally empty. 
The forgut rarely contained only one type of food.
Table 11. Frequency (%) of Psammonyx guts containing remains of crus­
taceans, polychaetes, algae and those empty (30 guts examined/ 
habitat).
Crustacean_______Polychaete_______Algae______Empty
Gerrish 8l 9 28 6
Island
Foss Beach 65 22 57 4
Goose Rocks 45 31 17 13
Beach ___  ___  ___  __
Mean 64 20 32 8
Crustaceans were the most frequent food found with polychaetes and 
algae about equally common. The high incidence of crustacean remains at 
GI may result from Its proximity to rocks, providing an ample supply of 
barnacle casts. Also, at GI are high densities of the amphipods P. deich-
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mannae and A. mills!. The green algae, Ulya and the red algae, Chondrus 
were common in FB guts. These algal species are abundant on cobble 
of the lower beach that is periodically covered and uncovered by sand.
Also characteristic of this habitat is the large amount of dead algae 
deposited on the upper beach, particularly after storms. Although 
observations indicate that Psammonyx will feed on macrocrustaceans 
such as amphipods, the crustacean remains consisted mostly of very 
small appendages, perhaps belonging to meiofaunal species. These animals 
and detritus are probably ingested as water currents are passed over 
the mouthparts (see below). The macrofauna that are eaten are those 
which have recently died or are incapacitated. Psammonyx did not exhibit 
any truly predatory behavior. It nay also feed on dead crabs or fish that 
settle to the bottom.
The mouthparts of Psammonyx are well adapted for scavenging 
(Fig. 19). The mandibles have a cutting incisor and a grinding or 
triturative molar. The maxillae are quite spinose and useful for the 
sorting and passage of food, while the maxilliped palp has a strong dactyl, 
used for tearing. When Psammonyx feeds on a polychaete or mussel, the 
first gpathopod grasps the prey until a firm hold is established with 
pereopods 3,  ^and 5- Then, the first gnathopod and the maxillipeds 
tear the tissue which Is passed to the mandibles. Once the mouthparts 
have seized a sizeable piece of food, the amphipod flexes its powerful 
urosome into the prey's body tearing this piece away. It then burrows 
into the sand to consume the food.
Three basic methods for food location observed In Psammonyx 
are responses to tactile stimuli, chemical stimuli and their combination 
in an active foraging behavior. Figure 20 shows the feeding position
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Fig. 19. PsamronyjE mouthparts. md. - mandibles, mxp - maxillipeds.
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Psarrroonyx takes in the sand. The two pairs of antennae protrude, the 
first pair into the water column and the second pair laying on the sur­
face. When a piece of food contacts these antennae, Psammonyx immediately 
grasps it with the first gnathopod and tries to pull it into the sand 
with pereopods 3 and 4. A water current, created by the beating pleopods, 
passes over the mouthparts, moves posteriorly between the coxae and exits 
on the right side of the pleon, to the surface. This water current car­
ries smaller animals, algae and detritus, that may be ingested, as well 
as chemicals released by nearby dead or dying animals and plants. Psam­
monyx responds to this stimulus by emerging from the sand and swimming 
just above the sand's surface until the food is located. This behavior 
has been elicited by introducing, into a large dishpan containing Psam­
monyx and sand, the juices of a macerated mussel. When whole pieces of 
mussel are offered to the amphipod, only those animals within a few 
centimeters come out of the sand. The others emerge when the water is 
stirred up. On several occasions when the water was stirred in a cir­
cular fashion, Psammonyx swam against the current, indicating that in 
nature, it may exhibit positive rheotaxis. In this manner, large num­
bers of amphipods are chemically attracted to a food source creating the 
aggregated pattern of distribution discussed in the previous section.
The chemosensory structures necessary for this feeding behavior 
are the calceoli, lining the posterior surface of the first antennae 
and the anterior surface of the second antennae (Fig. 21). In many 
amphipod species, calceoli are found only in one sex and, as such, 
have been implicated in mating as pheromone receptors (Dahl, Emanuelsson 
and von Mecklenburg, 1970). Since they are found in both sexes and 
in young as well as mature Psammonyx, it is possible that they serve a
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Pig. 20. Feeding position of Psammonyx in the sand. Arrows indicate 




Fig. 21. Psammonyx antenna 2. - calceoli.
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broader chemosensory function, i.e., food detection.
Although a chemical stimulus elicits a foraging type of swim­
ming behavior, laboratory experiments on swimming activity indicate that 
there are periods in the daily tidal and light cycle when this activity 
is greater than others. In Figure 22, the experimental curves represent 
the mean number of Psammonyx seen swimming during each hour. At Foss 
Beach the greatest activity occurred in the dark during falling tide.
The inhibitory affect of light on activity is seen at hour 18 when the 
tide was at slack high in the dark. Activity increased and at hour 19 
activity decreased to zero as the sun came up. The total numbers of 
amphipods swimming during falling tide and darkness are significantly 
different from all other combinations of tide and illumination (Paired 
t tests, p< 0.05). The same behavioral pattern exists at Gerrish Island, 
although not as clearly.
Foraging activities can have several disadvantages, the most 
important being wasted energy, if food is not found, and for aquatic 
species, the chance of being carried to unfavorable habitats by water 
currents. An additional hazard is the increased vulnerability to epi- 
benthlc predators. Psammonyx counters the latter two factors by swimming 
on a falling tide, reducing the chance of being carried to higher beach 
elevations and by swimming in the dark, presumably reducing predation 
effects. The less well defined tidal pattern at GI may result from its 
more sheltered aspect making the risk of being carried to higher levels 
less likely.
b. Sand Grain Preference
For a mobile animal like Psammonyx, a means of discriminating
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Fig. 22. Rhythm experiments: Mean number of Psammonyx swimming per
hour. Animals were collected from Foss Beach and Gerrish 
Island. Dark area indicates night and light areas indicate 
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between favorable and unfavorable habitats is beneficial. Sand grain size 
is an important factor, indicative of the degree of exposure, i.e., smal­
ler sand sizes are characteristic of the semi-exposed and subtiaal habi­
tats where Psammonyx is found. Subsequent experiments on preference 
for fine sand (< .250 mm) and coarse sand (> .250 mm) are shown in Table 12.
'The difference between the total numbers of Psammonyx burrowing 
in each of the sediments is significant (X^ , p< 0.005) and it appears 
that Psammonyx can select finer sands. Burrowing times in the coarser 
sediments were twice as long as in the fine sediment (t test, p< 0.001).
This difference could result from a mechanical difficulty in burrowing 
into these sediments or a hesitation by the amphipod, sensing that the 
sediments are unfavorable. In either situation this condition for Psam­
monyx may be selected against by water currents or predators, when rapid 
entry Into the sand is of survival value.
c. Burrowing Behavior
When Psammonyx makes contact with the bottom, it pushes its 
first antennae Into the sand, while the second antennae are extended 
laterally and posteriorly. The two pairs of gnathopods and the third and 
fourth pereopods pull the body into the sand, while the rapidly beating 
pleopods create a suction pulling sand out of the indention made by the 
head and first antennae. The posterior three pereopods extend directly 
backwards in the direction of least resistence. Once the first half of 
the body is in the sand, the urosome flexes ventrally several times, 
digging into the sediment, pushing the rest of the body below the surface.
By rotating the body In a somersault fashion from this diagonal position, 




12. Sand grain size experiments, a. Proportion of Psammonyx 
choosing each sand size (> .250 mm and < .250 ran) and b. 
Mean burrowing time (min.) in each of the fractions ± 1 SD.
No. of Psammonyx/ Proportions
experiment_____________ >.250 mm <.250 mm
11 .18 .82
11 .73 .27
13 • 38 .62
13 .38 .62
26 • 31 .69
28 .25 .75
Total 95 .37 .63




termining whether they remain near the surface as shown, or farther down 
in the sand, are unknown. When Psammonyx is exposed intertidally, it 
does not stay at the surface but burrows down to somewhere between a 2 
and 8 cm depth. During some field collecitons, the top and bottom 5 cm 
of the 0.1 m quadrat were sieved separately, revealing that most oi 
the animals were in the top 5 cm of sand.
The primary adaptations for burrowing, as noted by Bousfield 
(1970) are the strong fossorial appendages. The tunnelling effect 
created by the large coxae and pleopod current is not unlike that de­
veloped by the Haustoriinae. Psammonyx also takes full advantage of 
its strong urosome and the spadelike first and second uropods.
d. Respiration and Salinity
Although a common inhabitant of coastal beaches with constant salini­
ties Psammonyx nobilis inhabits areas where there is considerable salinity 
fluctuation. Examples are Gerrish Island and the St. Lawrence Estu­
ary, where the salinity is frequently as low as 20 0/00. In the labora­
tory sea water tables, there was no apparent increase in mortality as the 
salinity varied from 15 to 30 0/00 but survival was not as great when it 
dropped down below 10 0/00 in the spring. Due to a long term tolerance 
of salinities, down to 15 0/00, respiration rather than mortality was 
used as a more adequate measure of this animal’s response to changing 
salt content.
Experiments were conducted in May and September, 197 ,^ with the 
results for September shown in Figure 23 and those for May in Table 14.
For each salinity, Table 13 shows the mean weights and the number of 
Psammonyx used per experiment. The May experiments were run on adults 
of the breeding population and those in September were run on sub-adults,
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Table 13. Respiration experiments: salinities (o/oo), number of
Psammonyx used and the mean weights (mg) for May (Gerrish 
Island) and September (Gerrish Island and Foss Beach), 1974.
May - GI  Sept - GI ...... Sept - FB
0/00 # wt. 0/00 # wt. 0/00 # wfc •
7 9 13.50 8 15 3.66 8 16 3.18(3.29)1
14 9 17.11 16 16 4.55 16 16 3.72
21 9 17.73 24 14 4.80 24 16 3-67
28 9 13.27 32 16 4.10 32 16 4.87
1. weight of Psammonyx used in experiment run after 10 hours of 
acclimation.
Table 14. Respiration rate (p1/mg/hr) ± 95% Cl for Gerrish Island 
adults, May 1974.






Fig. 23. Oxygen consumption ±95% confidence interval of Psammonyx from 
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i.e., those Psammonyx that were released the previous summer and had just 
matured. There was no distinction made between males and females, 
either before experimentation or in the analysis of the results.
Respiration rates were higher at the lower salinities. There 
was a significant difference between the 16 o/oo and the 32 o/oo rates 
(t test, p< 0.05) for both FB and GI. The same is true for the rates 
of GI adults in May (Table 14). This inverse relationship between respira­
tion and salinity indicates that Psammonyx is stressed at lower salinities. 
If required to maintain this rate for an extended period, the amphipod 
would not continue to function normally with death the result. Animals 
observed after the acclimation period before each experiment were very 
sluggish at the lower salinities (7-16 o/oo), In contrast to the normal 
activity observed at higher salinities (21-32 o/oo). These results are 
similar to those reported for marine populations of the prawn, Meta- 
penaeus monoceras, by Rao (1958) who showed a similar trend for higher 
respiration at lower salinities. He related these higher rates to the 
greater amount of work needed to maintain an osmotic gradient.
As stated in a previous section, these two habitats differ in 
the degree of annual and daily salinity fluctuation. Foss Beach varies 
only about 4 o/oo all year while GI during the spring, may experience a 
daily change of 10 o/oo. This difference may explain the tolerance of 
the two populations to 8 o/oo after 24 hours (Fig. 23). Most of the FB 
Psammonyx were moribund after the experiment at this salinity resulting 
in much lower rates than those from GI. The mean respiration rate of 
FB animals at 8 o/oo arid only a 10 houi* acclimation period, was 1.27±
.513 yl/mg/hr as compared to 0.68±.5l4 yl/mg/hr after a 24 hour acclima­
tion. The 10 hour acclimation respiration rate is similar to the rate
of GI Psainmonyx after 24 hours (1.19±-519 yl/mg/hr). In addition, the 
respiration rates at 24 o/oo and 32 o/oo are higher at GI (Paired t tests, 
p< 0.05) indicating that GI Psammonyx have adjusted their metabolism 
slightly higher to meet the regularly changing environmental conditions. 
This short-term tolerance could be important, since the longest they 
would be exposed to these low salinities would be for 6 hours on an ebbing 
tide. A metabolic difference between habitats in only speculative, how­
ever, implying different physiological adaptations (races?) for animals 
not separated by a great distance. The development of these races seems 
unlikely, In view of the subtidal nature of the species.
The respiration rates reported here are somewhat lower than 
those reported by Fish and Rreece (1970) for the infaunal amphipods, 
Bathyporeia pilosa and B. pelagica. At 15°C and 36 0/00, their oxygen 
consumption measured with oxygen electrodes varied from 1.0 to 5-0 
yl/mg/hr. The difference in these two rates probably results from the 
relative size differences: 0.40 mg for Bathyporiea spp. and greater
than k.00 mg for Psammonyx. The lower respiration rates for Psammonyx 
would be expected since larger animals in the same taxonomic group com­
monly have lower metabolic rates than smaller animals (Prosser and Brown, 
1963).
e. Functional Morphology of Gnathopod 2
A morphological character distinguishing the Lysianassidae from 
the other gammarldean families is the structure of the second gnathopod 
(Fig. 24). This appendage has a relatively long article 3? and the sixth 
and seventh articles are reduced and covered with many fine setae, setules 
and bristles. This unique morphology, in combination with a telescoped
antenna 1 penduncle are unique to this very large gammaridean family. As 
yet, no one has suggested any reasons for the modification of this sys­
tematically important appendage (Barnard, 197*0.
Laboratory observations on Psammonyx indicate that the second 
gnathopod is used mainly for cleaning of the thoracic cavity, in particu­
lar, the area on both sides of the plate-like gills. The bristle-like 
morphology of the terminal segments greatly facilitates the scraping 
of detritus and other accumulated material from gill surfaces. The elon­
gation of segments two and three allows this appendage to reach the most 
posterior parts of the cavity, to the base of the first pleopods. To 
support these observations, the second gnathopods were removed from five 
amphipods. Later inspection revealed the gills to have a considerable 
amount of accumulated detritus, a hindrance to oxygen exchange. This 
same function could apply to the brood pouch keeping the eggs and embryos 
clean.
This cleaning process is very important for animals like Psam­
monyx, living in habitats characterized by abundant detrital material, 
such as most subtidal areas where fine sands, muds and clays are the 
predominant sediment fractions. Considering the evolution of infaunal 
and inquilinous lysianassids in these environments, a mechanism for 
cleaning respiratory surfaces would be of distinct selective advantage.
The role, if any, of gnathopod 2 in reproduction is unknown. 
Possibly, the length of this appendage enables it to aid in sperm trans­
fer, but it is definitely not used for grasping the opposite sex, as in 
amplexus of many other amphipods. This morphology implies, as Barnard 
(197**) suggests, a distinct precopulatory mechanism, that may be of the 
sort alluded to in the section on reproductive behavior (page 46).
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f. Sexual Dimorphism
Some members of the closely related genus, Anonyx, have several 
dimorphic characters, such as eye size, antenna 2 length, uropod 3 setation 
and uropod 2 form and armature (Steele and Brunei, 1968). For Psammonyx, 
there were no apparent differences between the sexes concerning these 
characters and some others, except for the relative length of pereopod 7 
(Fig. 24).
The length of the propodus (article 6) was measured as an in­
dicator of the total length of this appendage. The mean ratio of the 
total amphipod length to the propodus length (±SF,) for males was 6.84 ±
0.57 and for females it was 8.26 ± 0.49. Consequently, for adults of 
the same size, males have a longer propodus than the females (t test, 
p< 0.001). Since females grow larger than males, there may be an allo- 
metric relationship, possibly important for mating, between the male 
pereopod 7 and some female dimension. The male may use this appendage 
to hold the female's abdomen ventrally, while he flexes his abdomen 
underneath.
Although this difference has not been reported for any other 
amphipods, it may exist for another intertidal lysianassid, Pseudalibrotus 
littoralis. Of seven males and seven•females examined, the male ratio was 
8.40 ± 0.45 and the female ratio was 9*22 ± 0.27; a significant dif­
ference (t test, p< 0.05), regardless of the small sample size. The im­
portance of this morphometric character and others like it for this family 
is presently unknown in view of the lack of knowledge concerning lysianas­
sid biology.
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Fig- 24. Psatrmonyx gnathopod 1 (GN-1), gnathopod 2 (GN-2) and pereopod 7 





The life cycle described here is based almost entirely on 
animals collected intertidally, even though Psammonyx also inhabits sub- 
tidal habitats. The subtidal collections taken just before and during 
the breeding season, support the intertidal data in terms of onset of 
breeding and period of recruitment. However, the presence of juveniles 
all year indicates that the breeding season of those subtidal animals 
is up to two months longer than for animals living intertidally. In 
areas of some wave action, e.g., Foss Beach, the younger segment of the 
population remains below mean low water. Younger Psammonyx are able to 
penetrate the intertidal zone in areas protected from moderate to severe 
wave action such as Gerrish Island. These intertidal and subtidal populations 
are not separate but are members of the same breeding group. Any separa­
tion Is precluded by the relative mobility of this species, evidenced 
by the rhythm experiments, feeding behavior and the preliminary marking 
experiment.
Previous work on the life cycle and ecology of lysianassids is 
scant and includes only the comprehensive study of two antartic species, 
Tryphosella kergueleni and Cheirimedon femoratus, by Bregazzi (1972 a, 
b; 1973). These shallow-water, sand burrowing amphipods live for 3-4 
years, reproducing in the last year. Cheirimedon produces one large 
brood (70 eggs) and Tryphosella has up to four broods of somewhat smal­
ler size. For both species the duration of egg incubation is six months. 
Although inhabiting the same local areas, the ovigerous females undergo 
seasonal movements such that the brood release for the two species occurs
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in different locations, avoiding competition for food. Movements of 
certain stages of the population are also possible for the retention of 
young Psammonyx subtidally. Similarities with the Psammonyx life cycle 
include the larger size of the females and a greater proportion of males 
during the breeding season.
The longer period of growth and maturation for Tryphosella and 
Cheirimedon is related to the lower temperature conditions In the polar 
environment (Dunbar, 1968). It is conceivable that In the colder parts 
of its range, such as Newfoundland and Labrador, Psammonyx may take 1 1/2 
years to mature, not breeding in its first year as it does here. Salvat 
(1967) and Fincbam (1971) have shown that species of the infaunal haus- 
torilds, Urothoe and Bathyporeia, change their breeding cycles in different 
areas. They suggest that temperature conditions determine whether repro­
duction is univoltine or bivoltine and that these two cypes may inter- 
grade. For Psammonyx, a cold stenotherm (Bousfield, 1973), gonad matura­
tion and egg development occur during the coldest months of the year. In 
the Gulf of Maine, brood release takes place during Increasing water 
temperatures, allowing for rapid growth of the young through the fall, 
to maturity.
The behavior of these three lysianassids Is similar in several 
respects. All feed on carrion to some degree but the reliance on other 
food types varies among them. The young of Cheirimedon feed mainly on 
phytoplankton, consequently Its life cycle is linked to the pattern of 
seasonal marine productivity. The young of Psammonyx, although able to 
feed on carrion, also depend on detritus and meiofauna, as does Trypho- 
sella.
Bregazzi noted that both species reacted to food "odors" and
9 /)
will leave the sand to search out the source. Therefore It appears 
that they all have some chemosensory mechanism for detecting food. Ac­
tivity rhythms synchronized with the light-dark cycle are present in the 
two anarctic species (Bregazzi, 1973). They are most active in the dark 
but contrasted with Psammonyx, do not exhibit any tidal component. This 
implies that Psammonyx has more affinity for the intertidal zone since a 
tidal rhythm is necessary for maintenance of the population on the lower 
part of the beach.
Psammonyx is found intertidally from Newfoundland, south to 
Cape Cod and subtidally as far south as southern New Jersey. Hutchins 
(19^ 7) has described the temperature zonation along the American Atlantic 
coast. He suggested two ways water temperatures could limit animal dis­
tributions from Newfoundland to Cape Cod. Northward, either low water 
temperatures decrease survival or maximum summer temperatures are not 
warm enough for some phase of reproduction and recruitment, whereas at 
the southern limit, maximum summer temperatures decrease survival. In­
creased mortality of Psammonyx south of Cape Cod is likely since summer 
surface water temperatures there rarely fall below l8°C (Bousfield, 1973)* 
In New England, summer surface water temperatures do not reach l8°C and 
if so, only for a period of one to two weeks. These temperatures are more 
extreme intertidally thus limiting Psammonyx' distribution to the south. 
Since gonad maturation in Psammonyx occurs as water temperatures decrease, 
higher yearly temperatures may inhibit some phase of the reproductive pro­
cess, as well.
Psammonyx nobills is a species characteristically inhabiting 
the sublittoral zone but one that can also live in intertidal areas where 
sufficient sheltering provides conditions not unlike those below mean low
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water, 'these conditions are; reduced wave action and subsequent deposi­
tion of finer sediments and detrital material. The lower beach zones 
stay fairly wet because of only 3-9 hours exposure to air. Also, the fine 
sands reduce changes in temperature and salinity (Johnson, 1965; 1967) that 
coarser grained beaches experience. The faunal assemblage of these habi­
tats is a mixture of predominately subtidal species (Part II). These areas 
are very different from typical exposed beaches such as Old Orchard Beach 
and York Beach, Maine, where Psammonyx :'s found only in the spring months. 
The presence of P. nobills on these beaches may result from a dispersal 
mechanism or, the intertidal zone may provide some protection from the 
normal subtidal predators. Psammonyx forms an Important part of the 
diet of bottom fish such as flounder, cod, pollock and hake (Normandeau 
Associates, 1979).
The degree of exposure to wave action has been shown, by com­
parative habitat studies, to be one of the most Important factors influ­
encing the local distribution of intertidal and subtidal amphipod popula­
tions (McIntyre and Eleftheriou, 1968; McIntyre, .1970; Fincham, 1971; 
and Croker et al., 1975). Relative wave action in turn determines such 
factors as beach slope, sand stability, sand grain size and the amount 
of organic material deposited on the beach. The latter two factors are 
the most important for Psammonyx. The deposition of organic matter is 
necessary for Psammonyx because of its requirement for detritus and macro- 
debris as food sources.
Psammonyx has few scavenging competitors for food among the Crus­
tacea. Potential competitors are, the Isopods, Chiridotea tuftsi and 
C. coeca. As Dahl (1952) pointed out in his early analysis of sand beach 
zonation patterns, the scavenging cirolanid isopods in the tropical and
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warmer temperate regions are not replaced by other scavenging species in 
the colder climates. A possible candidate is the lysianassid, Pseuda- 
librotus, an artic, sub-artic genus found on both sides of the Atlantic. 
Little is known of its feeding habits, which Dahl suggests, are similar 
to those of sand burrowing talitrids. If any group is to fill this 
"scavenger’s void" in the boreal'-temperate regions, it might be the 
Lysianassidae, a family known for its scavenging habits. Only a few 
lysianassids occur intertidally, namely, Psammonyx and Pseudalibrotus.
In contrast to the other members of this family (Bousfield, 1973) both 
of these lysianassids are somewhat tolerant of salinity fluctuation, 
a characteristic shared by many well established intertidal forms (Newell, 
1972). These groups may be evolving to take advantage of this open 
niche in the lower intertidal zone.
In summarizing the role of Psammonyx in the intertidal-subtidal 
sand ecosystem, the species is characteristic of semi-protected areas, 
wherein it utilizes detritus and macrodebris, including dead and dying 
animals and plants, as food sources. In doing so, the species aids and 
accelerates the breakup and dissolution of an abundant food energy source, 
thus making smaller particles available to detritovores and filter feeders 
lower in the food chain. Psammonyx, as prey for bottom fish, transmits 




1. The Intertidal and subtidal ecology of Psammonyx nobilis 
was studied at three habitats in southern Maine and New Hampshire: Goose
Rocks Beach, Me.; Gerrish Island, Me.; and Foss Beach, N.H. These three 
beaches consist of very well sorted, fine sand (.125-.250 mm) from mean 
tide level to low water, the area inhabited by Psammonyx. These habitats 
differ most importantly in: degree of exposure to wave energy, FB the
most exposed and GI the least exposed, and in the range of salinity vari­
ation. At FB salinity varies from 28-32 o/oo but at GI it may drop to
15 o/oo during the spring due to the drainage of the Great Bay Estuarine 
system.
2. The life cycle of P_. nobills spans two years. Ovigerous 
females are found from January to June and recruitment occurs intertidal­
ly in the summer months. These juveniles grow to subadulthood (5-5 mm) 
by September and some animals are ready to reproduce in February or March 
when they have grown to about 10 mm in length. This generation breeds 
again in the winter and spring of their second year and die In May or 
June. Subtidally, juveniles are present all year. Their presence there 
is presumably the result of younger breeding females remaining subtidal­
ly during the summer and releasing their broods in the fall. By this 
time, declining water temperatures prevent maturation that occurs the 
following spring. The subtidal part of the habitat is postulated as a 
refuge for younger segments of the Psammonyx population, e.g., ovigerous 
females and juveniles. The sheltered conditions at GI, not unlike those 
found subtidally, explain the greater proportion of younger ovigerous
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females and subsequent recruitment at this habitat.
3. Psammonyx females mate at an average size of 12-13 mm and 
produce an average of 19-24 eggs per female. The parasitism by the ces- 
tode, Bothrimonus sturionis has a detrimental effect on the breeding 
potential of Psammonyx at FB. The parasite, infecting about 30/ of the 
females, prohibits growth and maturation of female gonads greatly reducing 
the population proportion of ovigerous females.
4. The mean sex ratio for the whole year was close to one at the 
three habitats. Although there was considerable variability from month 
to month, a trend for greater numbers of males than females was evident 
intertidally during February, March and April.
5. Psammonyx nobilis inhabits the lower intertidal and shallow 
subtidal sands from Newfoundland to Long Island and is found in open coastal 
conditions or in estuarine areas with salinities near 20 o/oo. The occur­
rence of Psammonyx is usually associated with well sorted, fine sand and 
considerable organic matter. Geometric densities at FB and GI ranged from 
40-70/m2 with highest numbers in the summer resulting from recruitment. 
Although mean densities at these two habitats were not different, the pat­
tern of distribution at GI was more aggregated as a result of higher patch 
densities, (FB- m= 9.78; GI- m= 28.77; m= mean crowding (Lloyd, 1967)). 
This difference is explained by two factors: the greater recruitment of 
young at GI; and the scavenging, feeding behavior of Psammonyx and its 
relation to the degree of sheltering. In more sheltered habitats, a 
greater amount of macro-debris settles to the bottom. Aided by a chemo- 
sensory ability to locate these food sources, large numbers of these am- 
phipods congregate around one food source thus leading to a more patchy
and crowded pattern of distribution.
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6. Experiments, related to the distribution of Tsarnrnbriyx in­
clude sand grain preference, salinity tolerance and activity rhythms. 
Psamnonyx preferred finer substrates (< .250 mm) explaining its occurence 
in sheltered habitats, where fine grained sediments are deposited. Res­
piration experiments showed that oxygen consumption increased almost two­
fold at lower salinities (15 o/oo). This higher respiration rate, in­
dicative of stress, was not the case in the 20-32 o/oo range. Supple­
menting chemosensory food location are the foraging activities of Psam­
monyx. These periods of activity are greatest on a falling tide, in the 
dark, reducing the chance of predation by bottom fish and of tidal trans­
port to higher, unfavorable beach elevations.
7. Morphological studies reveal only one sexually dimorphic 
character: the length of the last thoracic segment (pereopod 7)- It is
longer in males than in females and may perform some function in the pre- 
copulatory position described here. Observations on the functional mor­
phology of gnathopod 2, a systematically important appendage, indicate 
that it has become modified for the cleaning of the thoracic cavity and 
respiratory surfaces. This is a necessary process considering the known 
habits of the Lysianassidae.
8. This study has raised several questions than can be resolved 
only by more extensive sampling and experimental studies. One of these 
points is the extent to which the subtidal life cycle differs from that 
described here for the Intertidal zone. The mobility and amount of popula­
tion interchange between the two zones Is still unknown. The temperature 
requirements for growth and reproduction would help to explain the geo­
graphic range of this species. Further work on the feeding ecology of 
Psammonyx is necessary to determine if there are certain food preferences
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or If the species is opportunistic and will feed on any food source. 
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APPENDIX TABLE 1. Life history data for Foss Beach (FB) and Goose Rocks Beach (GRB): total numbers
collected - §, size range - R(mm) and mean size - X(mm) for each life stage. July 
1972 to July 1973.
JUL/72 AUG/72 SEPT/73 OCT/72
FB________GRB_________ FB_________ GRB________ FB_________GRB_________FB_______GRB
Juveniles
# 62 282 40 221 5 37 1 4
R(iun) 4.0-7.7 3-5-6.6 4.5-6.6 4.2-6.4 5-4-5.9 4.3-6.1 - 5.4-6.4
X(nm) 5-18 4.58 5-60 5-19 5-70 5.43 6.08 5-80
Males
§ 75 73 100 47 92 56 74 40 .
R(mm) 9.6-13.9 8.3-14.9 5-8-14.2 5-4-13-9 6.2-13.9 5-8-14-2 6.7-14.6 6.4-15.4
X(ran) 11-04 10.43 9-72 9-70 9-55 9-63 9-95 10.03
Nonovig.
Females
# 61 75 119 74 114 58 118 56
R(mrn) 9-6-15.0 8.6-16.0 5-9-16.0 5-4-16.0 6.4-15.2 5-6-14.7 6.2-17.0 6.1-15.0





APPENDIX TABLE 1. Life history data (continued).
NOV/72 DEC/72






# 47 57 55 129
R(rrm) 7-7-12.6 6.2-13.6 6.4-14.4 6.1-15.8
X(nm) 9-63 9-73 11-46 11.24
Nonovig.
Females
# 134 92 133 174
R(mm) 7-7-17-0 6.6-16.3 8.0-16.5 6.1-17.6







































APPENDIX TABLE 1. Life history data (continued).
MAR/73 APR/73






# 105 l8l 132 101
R(irni) 7.7-14.4 7.0-14.9 7.2-14.6 6.6-15.2
X(nm) 10.42 9.89 10.31 9-83
Nonovig.
Females
# 75 76 31 44
R(nm) 8.3-15.7 7.0-14.2 7-5-15.5 7-2-16.5
X(mm) 11.55 10.78 10.36 9-56
Ovig. Females
# 23 38 27 52
R(mm) 10.4-17.9 10.4-16.3 10.2-15.4 10.2-16.5
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ABSTRACT
STUDIES ON THE ECOLOGY OF 
PSAMMONYX NOBILIS (STIMPSON), 1853 
(CRUSTACEA, AMPHIPODA)
II. Associated Community Structure
by
K. JOHN SCOTT
This paper reports on the community structure of three inter­
tidal and two subtidal habitats in New Hampshire and southern Maine. The 
intertidal habitats are Foss Beach, N.H.; Gerrish Island, Me; and Goose 
Rocks Beach, Me. The subtidal habitats were located off Gerrish Island 
and Goose Rocks Beach. Seasonal collections were made at these five habi­
tats.
At least 81 infaunal species were collected of which 31 were 
crustaceans and 28 were polychaetes. Together these two groups consti­
tuted greater than 90% of total faunal numbers. Molluscs were not abund­
ant and were restricted to the subtidal and more sheltered Intertidal 
habitats. Total habitat densities were consistently higher in summer than 
at other times of the year. Highest mean number of organisms/sample were 
recorded at the most protected habitat, Gerrish Island-intertidal (1018/
0.04m2).
Species diversity (Shannon-Weiner H') varied from 1.59 at Gerrish 
Island-Intertidal to 2.80 at Gerrish Island-subtidal. Overall, the number
v
of species or species richness, had the strongest affect on diversity. 
Values of species diversity were correlated with sediment sorting. This 
evidence suggests that poor sorting acts as a factor increasing habitat 
heterogeneity and may be inportant in determining infaunal species di­
versity .
Similarity analysis (Kendall coefficient of association and rank 
correlation) revealed overall similarities between the Foss Beach and Goose 
Rocks Beach communities. Gerrish Island-subtidal had no similarities with 
the other habitats. Differences in corrmunity structure were also viewed 
in terms of the dominant species at each location. In general, density 
fluctuations of these species reflected their spring and summer breeding 




In conjunction with studies on Psanmonyx nobilis, an analysis 
of the infaunal community associated with intertidal and subtidal fine 
sand habitats was undertaken. Although varying in exposure,these environ­
ments are all somewhat similar, and less exposed than most New England 
sandy beaches (Croker, Hager, and Scott, 1975; Hager, unpubl.). This sec­
tion will describe on a seasonal basis, the community structure of five 
intertidal and subtidal habitats in southern Maine and New Hampshire in 
terms of their species diversity and dominant associations. Each commun­
ity, possessing unique groups of dominant species, lies on a gradient or 
"continuum" (Mills, 1969) influenced by physical characteristics, i.e., 
sediment texture resulting from variable wave or current exposure. The 
only previous description of sandy beach community structure in the west­




Three intertidal habitats in southern Maine and New Hampshire 
(Part I, fig. 1) were sampled seasonally, and subtidal collections were 
made at two locations during early spring, summer and winter. The loca­
tions and sampling dates are shown in Table 1. Hereafter the intertidal 
habitats will be referred to as in Part I (PB, GI, GRB) and the subtidal 
habitats as GRB(s) and GI(s).
For each intertidal collection, two to five strata were chosen 
from below MIL to low water. At each stratum, triplicate 0.04 m2 samples 
were taken by forcing a stainless steel frame into the sand and sieving 
the enclosed sediment to a depth of 10 cm. All animals retained on the
0.5 mm mesh screen were preserved in 5% buffered formalin and returned to 
the laboratory for later identification and enumeration. For subtidal 
collections, 3 to 6 stations were sampled in triplicate with a ohipek 
sediment sampler of 0.04 m2 area. These density estimates, previously 
discussed as possibly suspect, still provide data for comparisons of com­
munity structure based on relative abundances. At GI(s), subtidal sta­
tions were located off the intertidal transect at depths of 3 to 5 meters. 
At GRB(s) samples were taken throughout Goosefare Bay in depths of 3 to 
11 meters. All samples were sieved and preserved as above.
The physical characteristics of these habitats were described 
in Part I, but the major points are summarized below. The lower inter­
tidal sand flats consist of very well sorted, fine sand (MZ-0.125 mm to
0.250 mm). In terms of wave action, they are moderately exposed to shel­
tered with FB more exposed and GI at the other extreme. Subtidally, GRB(s)
3Table 1. Locations and sampling dates at intertidal and subtidal habi­








Goose Rocks Beach, Me. 25 Oct 1972 5 Mar 1973
(GRB)
17 Peb 1973 31 Jul 1973
21 May 1973 11 Dec 1973
19 Aug 1973
Gerrish Island, Me. 2 May 1973 13 Peb 1973
(GI)
2 Aug 1973 19 Jul 1973
28 Oct 1973 24 Jan 1974
6 Mar 197^
4provides a more sheltered environment than its intertidal counterpart. At 
GI(s), due to strong river currents and scour, the sublittoral zone con­
sists of larger, more poorly sorted sediments and as seen for P. nobilis, 
may be unfavorable for some species.
Species diversity was measured using Shannon and Weaver's informa­
tion theory (Pielou, 1966) such that:
H' = -Zp^log^
where p^ is the proportion of individuals belonging to the 1 ^  species.
This diversity index is affected by two components (Lloyd and Ghelardi, 
1964): the total number of species or species richness, and the equita- 
bility or evenness of species abundances. Species richness was determined 
as: SR = (s-l)/logeN, (Margalef, 1968), where S is the number of species
and N is the total number of individuals. Evenness was estimated as:
J = H'/log S, (Pielou, 1966). These indices were calculated for each col­
lection based on the mean arithmetic habitat density of each species.
Measures of similarity were determined on all possible pair com­
binations of collections using Kendall's rank correlation coefficient, x_ 
(Kendall, 1962) with corrections for tied ranks. These coefficients indi­
cate significant similarity between two samples at p< 0.05 when x/St.
Dev. (t) is greater than I.96 and at p< 0.001 when this ratio is great­
er than 2.58. For convenience arithmetic abundances of species making up 
more than 5% of any collection (4l species) were used in the computation 
of x.
This method has been modified such that only species occurrences 
need be considered (Looinan and Campbell, I960; Nichols, 1970 and Lie and 
Kelly, 1970). This coefficient, T, is computed as follows:
T_h = Cw - xy
((Au) (Bv)) 1/2
5where T , is a measure of association between two collections having A= # 
clD
of species at site a and B= § of species at site b. The number of species 
common to both is c; u = S -A; v = S -B; S= # of species at all sites; 
x = A-C; y = B-C and w = u-y = v-x. The lowest T ^  showing association 
must be greater than TQ where Tq is based on a 2 x 2 contingency table 
and is:
Tq = (chi2/S)1/2
The chi2 values are for the chosen probability levels, with one degree of 
freedom. Here T0 (p< 0.05) = 0.218 and Tq (p< 0.005) = 0.312. These 
coefficients were determined on all possible combinations of the five 
habitats based on all species occurrences over the study period. While 
this method is more convenient to use, it does not take into account the 
relative species abundances and as such, t is probably a more sensitive 
measure of association.
Arithmetic habitat densities per collection were computed for 
each species. For the dominant species, geometric habitat densities were 
calculated by transforming the raw sample counts by log^g '^ ie
species considered dominant, numbering 12 of 8l, are, for convenience, 





Prom the 18 collections, at least 106 species were identified. 
Of these, 8l were infauna and the remaining 25 were epifauna, not dealt 
with here. The number of species per habitat, shown in Table 2, was 
greatest at GI(s) and least at PB. The polychaetes and peracarid crus­
taceans, particularly the amphipods, make up the greatest proportion of 
species. Molluscs were absent from PB but present at the remaining, 
more protected habitats. Seventeen species were found only intertidal- 
ly, 30 only subtidally and the remaining 35 (42%) in both areas. This 
species composition reflects the sheltered subtidal-like conditions of 
the intertidal sites. The percent of species occuring in only one col­
lection/habitat ranged from 26-33%- A little over 1/4 of the species 
are only seasonal inhabitants or occur at a particular location rarely 
or by accident. The species list is shown in Appendix Table 1.
Table 2. Numbers of infaunal species in each taxon at the five habitats.
____________Number of species______________
PB GRB GI GRB(s) GI(s) Total
Amphipoda 8 10 6 12 13 20
Other Peracarida 3 6 6 6 8 11
Polychaeta 7 18 17 20 23 28
Mollusca 0 7 7 7 12 14
Other 3 2 3 6 5 8
Total 21 43 39 51 61 81










In addition to these, Haustorius canadensis was found only intertidally 
while the exclusive subtidal species were the amphipods, Pseudunciola 
obliquua and Photis macrocoxa; an unidentified archiannelid sp.; and 
the sand dollar Ec hinarachnius parma.
The total mean habitat density varies rather consistently at all 
locations (Pig. 1). Highest densities occur in the summer and fall, 
these higher densities result from the summer recruitment of a majority 
of these species. Density increases during this period were twofold or 
greater. Foss Beach, the most exposed beach, had the lowest annual den­
sities while the least exposed beach, GI, had the greatest densities.
The subtidal density estimates, probably low due to inefficiency of the 
Shipek grab are intermediate. They were at least equal to or greater than 
densities at PB and GRB.
At boreal sand beaches the dominance of either crustaceans or 
polychaetes has been shown to indicate the degree of exposure to wave 
action (McIntyre, 1970; Croker et al., 1975)- Crustaceans are dominant 
at exposed habitats and polychaetes and molluscs are dominant at more
8Pig. 1. Mean Arithmetic number of total animals/sample at intertidal 
and subtidal locations at Foss Beach (PB), Goose Rocks Beach 
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sheltered beaches. The polychaetes and crustaceans together make up 90% 
or more of the total numbers at these New England habitats. The relative 
abundances, shown as the proportion of polychaetes to crustaceans In Table 
3, reveal which group Is dominant and the seasonal changes. Intertidally 
the polychaetes were two to five times as abundant as crustaceans during 
August and October, except for FB in the fall. In February and May the 
crustaceans were equally or more abundant. This pattern may reflect a 
greater recruitment of polychaetes in the summer months. These differ­
ences were not noted at the subtidal locations where the polychaetes were 
between one and three times as abundant. The species abundances respon­
sible for these fluctations are presented In a later section.
2. Species Diversity
The range of species diversity, evenness and species richness 
for each habitat are shown in Figure 2. Mean diversity values ranged from 
1.593 at GI to 2.795 at GI (s). These diversities are similar to those 
reported for other sand beach communities of different geographical re­
gions (Gray, 197*0. The diversity estimates were correlated with both 
evenness (r=0.79, P< 0.01) and species richness (r=0.88, p< 0.01) as these 
two components generally varied with the H' values. The exception to this 
trend is at FB, having an intermediate H', with the lowest species rich­
ness and one of the highest evenness estimates. A stepwise regression 
of the two diversity components on Hf showed that species richness was 
the most important variable, reducing the variance 77% (F test, p< 0.01). 
This richness effect is seen by comparing FB and GI with about equal 
species richness values but quite different evenness.
Table 3. Proportions of total polychaetes (incl. archiannelida sp.)/total crustaceans 
for the five habitats, Oct/72 to Mar/74. ( ) = Inverse of the proportion,
I.e., crustaceans/polychaetes.
________________Polychaetes/Crustaceans________________
Date____________ PB________ GRB________GI_________ GRB(s)___________GI(s)
Oct/72 1.07 3-46
Peb/73 1.04 0.08(12.50) 1.93
Mar/73 1.31
May/73 0.66(1.42) 0.48(2.08) 0.99(1.01)
Jul/73 1-62 1.16





Pig. 2. Range of species diversity 
ness (bottom) for the five
(top), species richness and even- 
intertidal and subtidal habitats.
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Higher evenness at FB does not increase H’ proportionately, further sug­
gesting the importance of the number of species for between habitat di­
versity differences.
One of the most important physical characteristics affecting in­
faunal species distributions and their community structure is the sediment 
type (Gray, 197*0 • All of these habitats consist of fine sand, however 
there are differences in sediment sorting between the most diverse (GI(s)) 
and the least diverse (GI) habitats. Nichols (1970) and Gray (197*0 have 
suggested that the degree of sorting may affect species diversity such 
that more poorly sorted sediments having a greater variety of microhabi­
tats, can support more species than well sorted substrata. Mean habitat 
sorting values and diversity indices in this study (Table 4) are posi­
tively correlated (r= 0.71, P< 0.01) indicating that some relationship 
may exist although no causation is implied. This hypothesis is seemingly 
logical, but the mechanism by which the infauna react to sorting is unclear.
Methods have been developed for comparisons between pairs of di­
versity indices (Hutcheson, 1970) but only comparisons of the mean habi­
tat indices were made here using paired t tests (Table 5)* Since Shannon’s 
indices may be positively skewed (Poole, 197*0, Wilcoxon two samples tests 
were also carried out on these habitat species diversities revealing the 
same significance levels for the differences obtained from the t tests.
To summarize these differences, the GI diversities are significantly low­
er than the rest of the habitat diversities except for those at GRB. The 
GI(s) diversities are significantly higher than at all of the other habi­
tats while FB, GRB, and GRB(s) are not different from each other. The 
combined Intertidal diversities are significantly lower than those at
Table 4. Species diversity and mean sorting coefficients (<j>) for the five intertidal and 
subtidal habitats.
PB GRB GI GRB(s)
Date_______________H1 S H' S H' S HT S
Oct 1972 1.67 .267 1-72 .314
Feb 1973 1.91 -337 1.28 .313
Mar 1973 2.19 .300
May 1973 2.02 .300 1.49 .276 1.49 .251
Jul 1973 2.50 .328
Aug 1973 1.84 .306 2.07 .313 1.44 .252
Oct 1973 1.49 .235







Table 5. Mean diversity values, standard deviation and coefficient of 
variation for each habitat and below, the t values and levels 
of significance for the paired comparisons.
* = p<0.05, NS = not significant
Note: These probability levels are the same as for Wilcoxon
two sanple tests noted in text.
Habitat__________N__________Dfean HT______ St. Dev. C.V.(g)
GI 4 1.593 0.167 4.71
GRB 4 1.641 0.336 10.24
FB 4 1.860 0.147 3-98
GRB(s) 3 2.211 0.276 7.19














at the subtidal habitats (Wilcoxon two sample, p< 0.001). As discussed 
above, the differences are primarily related to the numbers of species 
per habitat.
3. Community Similarities and Structure
The similarity coefficients, T, based on species occurrences over 
the year reveal broad similarity among all the habitats except for GI(s) 
(Table 6). This result is not surprising since these are all fine sand 
environments in the same geographical region where species requiring these 
characteristics have about equal chances of population establishment. Un­
der these conditions, community differences result from the relative suc­
cess and dominance of species reacting to subtle changes in biological or 
physical parameters, e.g. wave exposure, salinity variation and predators. 
The uniqueness of GI(s) is demonstrated by this analysis since 28% of its 
species are exclusive to that habitat.
The seasonal similarity analysis (Fig. 3) shows when these areas 
differ in structure and how these similarities account for the overall an­
nual similarity shown in Table 6. Foss Beach and GRB are similar through­
out most of the year except for dissimilarity between the GRB August col­
lection and all of FB. This dissimilarity results from higher numbers in 
August of the bivalves Tellina agilis and Mya arenaria, and the polychaetes 
Paraonis fulgens and Spiophanes bombyx at GRB. Gerrish Island (GI) Is dif­
ferent from both of these habitats. There are however similarities between 
GRB October and all GI sampling periods, due to nigh proportions of Tellina, 
another bivalve Macoma balthica, Paraonis and the two amphlpods Acantho- 
haustorius millsi and Protohaustorius delchmannae. Proportions of the 
above species along with those of the polychaetes, Capitella capitata and
Table 6. Kendall's coefficient of association, T, for the five 
habitats and the levels of significance: * = p< 0.05,
** = p< 0.005, NA = no significant association.
PB GRB GI GRB(s) g i(s:
PB .387 .276 .220 -.2^9
GRB xx .609 .457 -.022
GI * XX .432 .036
GRB(s) * XX XX .094
GI(s) NA NA NA NA
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Pig. 3. Trellis diagram of habitat similarities based on Kendall's rank 






0 F MY1 A
GI
MY A 0 MR
p <0.01 yA °-.01 < p < 0.05
21
Pygospio elegans account for the differences between GI and FB. An un­
expected similarity, existing between GRB(s) December and three FB col­
lections, was due in part to unusually high proportions in that December 
collection of Paraonis and the amphipods Amphiporela virginlana, Psammonyx 
nobills and Acanthohaustorius. The amphipods are consistent dominants at 
FB but do not occur in great numbers subtidally. The only other inter­
habitat similarity of note was between GRB(s) July and all GI collections, 
resulting from equal proportions of Splophanes, Paraonis, Capitella. and 
Tellina.
In general, the differences and similarities noted above were 
caused by seasonal changes in dominance of the species present at par­
ticular habitats. The only broad similarities based on species propor­
tions are between FB and GRB while each of the remaining habitats have a 
unique community structure.
This structure Is further examined in view of the dominant species 
inhabiting these intertidal (Table 7) and subtidal (Table 8) areas. At 
the three intertidal beaches, species replacement was seen in a progres­
sion from the most exposed (FB) to the least exposed (GI) habitats. 
Numerically, Amphiporela, Acanthohaustorius and Paraonis were dominant at 
both FB and GRB. The polychaete Scolelepis at FB was replaced by Spiophanes 
at GRB. There Is a sharp transition at GI, this community retaining only 
Acanthohaustorius from the preceding group and adding as dominants the 
polychaetes Pygospio and Capitella, and the amphipod, Protohaustorlus deich- 
mannae. The subtidal community of GI(s) is quite different from the above 
intertidal ones, sharing none of the dominants. Here the important species 
are the paraonid, Aricidea, the tanaid Leptognatha and a large archian- 
nelid sp. The amphipod, Pseudunciola was a seasonal dominant, abundant
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Table 7. Dominant intertidal species (>15$ of total individuals/
collection for any collection) and their % composition of the 
fauna at three habitats: Foss Beach, Goose Rocks Beach,
Gerrish Island. (P - polychaeta, A - amphipoda, T - tanaidacea, 
Ar - archiannelida)
FB Percent
Species Oct/72 Feb/73 May/73 Aug/73 1%
Scolelepis squamata (P) 42.9 29.1 15.8 40.4 32.1
Amphiporeia virginiana (A) 12.5 22.2 37.8 4.0 19.1
Acanthohaustorius millsi (A) 25.0 14.7 3.2 7.5 12.6
Paraonis fulgens (P) 4.6 14.7 14.4 14.8 12.1
GRB Percent
Species Oct/72 Feb/73 May/73 Aug/73 1%
Paraonis fulgens (P) 58.8 6.1 30.5 39.8 33.8
Acanthohaustorius millsi (A) 10.8 54.7 10.4 6.9 20.7
Anphiporeia virginiana (A) 2.6 27-5 45.7 0.0 19.0
Spiophanes bombyx (P) 5.0 0.5 0.5 21.0 6.7
GI Percent
Species May/73 Jul/73 Oct/73 Mar/74 n
Pygospio elegans (P) 38.5 57-3 37.1 29.5 40.6
Protohaustorius deichmannae (A)32.5 16.8 9.1 28.5 21.7
Acanthohaustorius millsi (A) 16.4 7-3 4.7 6.3 8.7
Capitella capitata (P) 1.1 6.3 39.0 13-5 15.0
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Table 8. Dominant subtidal species (>15# of total individuals/col­
lection for any collection) and their % composition of the 
fauna at two habitats: Gerrish Island(s), Goose Rocks(s).
(P - polychaeta, A - amphipoda, T - tanaidacea, Ar - archi- 
annelida)
GI(s) Percent
Species Feb/73 Jul/73 Jan/74 1%
Aricidea jeffreysii (P) 19.7 14.6 12.5 12.6
Leptognatha caeca (T) 17.0 15.0 1.9 11.3
Archiannelid sp. (Ar) 11.2 17.5 3-3 10.6
Pseudunciola obliquua (A) 0.1 13-3 0.0 4.5
GRB (s') Percent
Species Mar/73 Jul/73 Dec/74 1%
Archiannelid sp. (Ar) 34.4 21.2 31.0 28.9
Protohaustorius 
de ichmannae (A)
17-5 20.1 34.0 23-9
Spiophanes bombyx (P) 12.7 17-9 9.1 13.3
2H
only in July. Showing similarities to the other habitats, GRB(s) shares 
the archiannelid sp. with GI(s), Protohaustorius with GI and Spiophanes 
with PB and GRB.
Aside from the above, there were several fairly common infaunal 
species not numerically dominant but possibly important in terms of biomass. 
They were the amphipods: Psammonyx nobilis, Haustorius canadensis, Bathy-
poreia quoddyensis, Phoxocephalus holbolli and Trichophoxus epistomus; 
the cumacean, Mancocuma stellifera; the tanaid, Leptochelia savignyi, the 
isopods Chiridotea coeca and Ch_ tuftsi; and the polychaete, Exogene hebes. 
Also abundant were the enteropneust, Saccoglossus kowalevskii at GI and the 
sand dollar, Echinarachnius parma subtidally.
Amphiporeia is common on most New England exposed beaches (Croker 
et al., 1975) and is abundant at PB and GRB, evidence of their moderate ex­
posure during certain times of the year. Acanthohaustorius, dominant at 
all three intertidal habitats, is a lower intertidal - subtidal species 
(Sameoto, 1969a; b). This species, along with Pygospio elegans and Capi- 
tella capitata are abundant at GI. There, sheltering provides a fine 
sand environment that at higher levels, commonly has a black reducing layer 
a few centimeters below the sand’s surface. An ability to withstand low­
ered O2 tension is common to Acanthohaustorius (Sameoto 1969c) and Capi- 
tella (Grassle and Grassle, 1975)- Protohaustorius, also abundant at GI, 
is the most primitive genus of the Haustoriinae. Its mouthpart morphology 
and that of Acanthohaustorius are the least adapted of the Haustoriinae for 
filter feeding. Their subtidal distribution suggests that they use micro­
organisms and organic particles as food (Bousfield, 1973)*
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The spionids, Scolelepis, Spiophanes and Pygospio have ciliated 
tentacular palps that are adapted for trapping detritus and organic par­
ticles from the sand’s surface and interstitial water. These species might 
also be deposit feeders since sand grains were often observed in their guts. 
Of these three polychaetes, Spiophanes has the most subtidal distribution 
(Dorjes, 1972). Paraonis, a lower intertidal species, and Capitella are 
also bottom deposit feeders (Pettibone, 1963; Grassle and Grassle, 197*0. 
Most of the above amphipods and polychaetes are not true filter feeders 
and must inhabit beaches where organic material settles from the water 
column. They are excluded from coarse, clean sand beaches where the 
plankton-feeder, Haustorius, is abundant.
The sheltered conditions at GI are further evidenced by the ex­
clusive presence of Saccoglossus there. This suspension feeder can only 
survive under protected conditions because its flaccid body and its tube 
construction would not withstand strong wave action. Other tube builders 
at GI and GRB include the above spionids and the maldanid Clymenella tor- 
quata, among others. At high densities of these worms, tube building ac­
tivities create a certain amount of sand stability. These densities are 
attained only in semi-exposed areas, e.g., GI and GRB, where a breaking 
surf does not impede the tube-building process. In contrast to PB, where 
only one tube-building species is numerically important, the other two in­
tertidal habitats have several abundant tube builders. Biologically, the 
species composition, e.g., of polychaetes and Saccoglossus, may provide 
greater stability of the physical environment allowing for the presence 
of additional species. This mechanism is only possible however, as a 
primary result of sheltering from wave action.
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Species abundance patterns in terms of tidal level were discussed 
by Croker et al. (1975) for moderately exposed beaches, including PB.
The zonation of the dominant species at GI, a more sheltered habitat, 
is shown in Figure 4. The mean densities (geometric nos./0.04nf-) at all 
tidal levels indicate that in spite of the narrow tidal range (MTL to low 
water), the polychaetes inhabited higher beach elevations than did the 
amphipods. The distribution of these four species, with the possible ex­
ception of Fb_ elegans, spans the lower intertidal and subtidal zones 
(Grassle and Grassle, 1974; Sameoto, 1969a; b). Restriction to certain 
tidal levels may result from micro-habitat differences such as Ct, levels 
or from inter-specific interactions. The nature of these interactions 
have not been studied on soft substrates except for the recent work of 
Woodin (1975) who showed competition for space among several species of 
infaunal polychaetes.
4. Abundances of the Dominant Species
The species listed in Tables 6 and 7 are divisible into three 
groups based on their distribution; 1. those species common intertidally 
and subtidally but abundant at only one or two habitats, 2. those species 
commonly abundant subtidally and 3* those species commonly abundant inter­
tidally, in this case, at GI. The first group includes the haustoriid 
amphipods Protohaustorius deicbmannae, Acanthohautorius mills! and Am~ 
phiporeia virginiana; the polychaetes Scolelepis squamata, Paraonis ful- 
gens and Spiophanes bombyx. The subtidal group contains the archiannelid, 
Aricidea jeffreysii and Leptognatha caeca, and the GI intertidal group 
consists of Pygospio elegans, Capitella capitata and Saccoglossus kowalev- 
skii. The zoogeographie regions and breeding periods of the above species
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Pig. 4. Intertidal geometric densities of the dominant species at
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are shown in Table 9. The geometric densities for these species, shown in 
Figures 5-8, are listed with their standard errors in Appendix Table 2.
Both IR_ deicbmannae and A^ millsi were most abundant at GI, 
had very low densities at GI(s) and were moderately to very abundant at 
GRB(s). Protohaustorius was absent from FB where millsi was a numeri­
cal dominant. Amphiporeia was dominant at GRB and FB but attains greater 
densities at higher energy, surf-exposed beaches (Croker et al., 1975; Hager, 
unpubl.). The spionids, Scolelepis and Spiophanes were abundant at FB 
and GRB(s) respectively. All of these species had highest densities in 
late spring, summer and fall reflecting their spring and summer breeding 
habits (Table 9). 'The paraonid, P. fulgens, abundant intertidally, reached 
highest numbers in October at GRB and in March at GI.
The subtidal species had variable distributions. The archiannelid 
was most abundant at GRB(s), A^ jeffreysii was most abundant at GI(s) and 
L. caeca was found only at GI(s). The GI intertidal polychaetes attained 
the highest densities (200-300/0.04m2) of the infaunal species considered 
here. These polychaetes, in addition to kowalevskii and the above sub­
tidal species were most abundant in the summer and fall, again a probable 
result of spring and summer breeding.
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Table 9* Zoogeographic region and breeding periods of dominant species
at the five intertidal and subtidal habitats. ( ) = pertinent
references. 1. Bousfield (1973)> 2. Pettibone (1963)»






A. virginiana Boreal to S.C. (1) April to Sept. (1)
A. mills! Carolinean to Saco Bay, Me. (1) May to Sept. (1)
P. deichmannae Carolinean to Saco Bay, Me. (1) May to Aug. (1)
P. obliquua Bay of Fundy to Cape Cod (1) April to Aug. (1)
S. squamata Virginian (3) Summer ?
P. fulgens Boreal to Mass. (2) Aug. (Mass.) (2)
S. bombyx Virginian (3) Summer ?
P. elegans Boreal to Virginian (3) June, July (^ )
C. capitata Boreal to Virginian (3) May to Oct. (5)
A. /jeffreysii Boreal to L.I. Sound (2) July (Mass.) (2)
Archlannelid sp. 9 9
L. caeca Boreal (3) 9
S. kowalevskii Virginian (3) Summer ?
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Pig. 5* Geometric densities of Protohaustorius deichmannae (a) and
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Pig. 6. Geometric densities of Scolelepis squamata (a) and Amphiporeia
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Pig. 7. Geometric densities of Paraonis fulgens (a) and Spiophanes
bombyx (b) at intertidal and subtidal locations.
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Fig. 8. Geometric densities of the dominant subtidal species (a) and 




















The term community has been used throughout and Is here defined 
after Fager (1963) as a group of organisms found living together under 
a certain set of physical conditions. In a general sense, it is diffi­
cult to delimit one community from another especially in the case of these 
intertidal and subtidal habitats where species distributions grade Into 
each other forming a "continuum" of associations (Mills, 19^ 9). The 
methods employed in this study, though not as statistically powerful as 
some (Lie and Kelley, 1970; Hughes, Peer and Mann, 1972) at defining as­
semblages, serve to point out some of the habitat differences in these 
associations.
The relationship between ecological stability and species diver­
sity was extensively reviewed (Woodwell and Smith, 1969). Based on the 
presumed correlation of these two factors, Sanders (1968, 1969) has applied 
his stability-time model to marine benthic communities and found it to 
be a valid working hypothesis. Other benthic studies (Johnson, 1970;
Gage, 1972) provide support for the view that more diverse communities are 
more stable. In contrast, Copeland (1970) and Boesch (1972) hold that 
low diversity systems are more able to resist environmental changes and 
have greater stability. This stability results from the inherent adapt- 
ibility and opportunistic nature of the species found in these low diver­
sity communities.
Gray (197*0 has reviewed the factors causing variations in species 
diversity. They are: habitat structural complexity, environmental pre-
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dictability, competition, predation and time. As these factors increase, 
so does diversity. Increasing diversities at these New England habitats 
are related to increased structural complexity (sorting) and environmental 
predictability, i.e., intertidal versus subtidal communities. The role 
of conpetition and predation in intertidal and nearshore sand communities 
is as yet undescribed. The harsh conditions of these intertidal habitats 
over time would certainly limit the number of species inhabiting these 
areas. However, Croker (1975) has shown that over a four year period, the 
species composition of New England beaches is quite predictable and he con­
cludes that these are resilient (Holling, 1973) corrmunities.
Most of the species at these habitats range into the subtidal zone 
and after an unpredictable environmental event, they can rapidly recolonize 
the beaches. Stability then, is viewed here as a short term phenomenon, 
related to seasonal progressions of predictable species composition. En­
vironmental perturbations may upset the community structure, but only 
temporarily, in view of the annual reproductive cycles and subtidal nature 
of the component species. In this context stability is not necessarily 
related to species diversity but rather it describes the fluctuations in 
community structure. Species diversity is a function of this structure,
i.e., the numbers of species and their relative abundances.
Gerrish Island m s  the least diverse habitat resulting from the 
overdcminance by Eh_ elegans and Ch_ capitata, the latter a very opportunis­
tic species (Grassle and Grassle, 1974). Just subtidally, a different com­
munity structure Is evident with higher species diversity, an example of how 
evenness and species richness affect H'. The effect of physical factors, I.e., 
river currents causing differences in sediment parameters such as sand grain 
size and sorting (Folk, 1968) may also be Important for diversity dif­
ferences.
The intertidal areas of New England examined thus far grade from 
very exposed beaches totally ampMpod-dominated (Hager, unpubl.) to beaches 
where amphipods are dominant but have mixtures of several polychaete spe­
cies (Croker et al., 1975), and lastly to GI and GRB where polychaetes 
are the dominant groups. Frost Point, New Hampshire and Proubs Neck,
Maine (Croker et al., 1975) are similar to GI and GRB having increasing 
numbers of polychaetes and bivalves, epseclally C^ _ capitata, P. elegans 
G. gemma and arenaria. These four habitats are, for the most part, 
semi-exposed or sheltered. Overall, the pattern of associations from 
exposed to more sheltered areas neatly follows that described for boreal 
regions by McIntyre (1970) on Scottish beaches.
The dominance of haustoriid amphipods on high energy surf ex­
posed beaches of New England and the southern United States Is well docu­
mented (Croker et al., 1975; Dexter, 1969)- In New England the more prima- 
tive pontoporeiid, Amphiporeia, is the dominant species. South of Long 
Island the highly adapted Haustoriinae are the dominant group. This group 
contains the most well developed filter feeding types, able to make use of 
the abundant planktonic food supply of surf-exposed beaches. Bousfield (1970) 
has suggested that the Haustoriinae may gradually replace the Pontoporeiinae 
to the north. In areas with some degree of shelter however, the planktonic 
food source is reduced because of less wave action and the food source is 
mainly in the sand. Under these conditions, deposit feeding polychaetes 
and less well developed suspensic^ feeding amphipods (Acanthohaustorius, 
Protohaustorius) are more abundant.
SECTION V
SUMMARY
1. These habitats differ in exposure to physical energy. Foss
Beach is the habitat most exposed to wave action. Gerrish Island Is the
least exposed location. Goose Rocks is intermediate in exposure, exper­
iencing wave attack similar to that at Foss Beach during certain times of the 
year but is sheltered during other periods. Gerrish Island subtidal is 
subject to strong river currents that create a unique physical environ­
ment.
2. The community structure at these habitats was different. At
the extremes are Foss Beach and Gerrrish Island-subtidal. This latter
habitat, where the greatest numbers of species were found had the highest 
species diversity. Community differences were also apparent regarding the 
dominant species at each habitat. Species that are characteristic of high 
energy wave conditions, e.g. Amphiporeia were dominant at FB and GRB. Those 
with more subtidal affinities, e.g. Protohaustorius were more abundant at 
Gerrish Island-intertidal and at both subtidal locations.
3. For boreal sand beaches, this study supports the work of others 
concerning the relationship between degree of wave exposure and species as­
sociations.
4. The aim of this investigation wa.s to describe community dif­
ferences. Work on the biology of the component species, similar to that 
done for Psammonyx (Part I), Amphiporeia (Hager, unpub 1.) and Hancocuma 
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APPENDIX TABLE 1. Species collected at the five intertidal and subtidal
habitats, October, 1972 to March, 197*1 • ( ) = number







































































































APPENDIX TABLE 2. Geometric mean habitat densities (nos./O.04m2) and their standard errors (in brackets)
for the dominant species at the five intertidal and subtidal habitats, 1972-1974.
FOSS BEACH GOOSE ROCKS BEACH GERRISH ISLAND




































































































































APPENDIX TABLE 2 (cont.)
GERRISH ISLAND GOOSE ROCKS SUB GERRISH ISLAND SUB
SPECIES OCT/73 MAR/74 MAR/73 JUL/73 DEC/73 FEB/73 JUL/73 JAN/74
A. virginiana 1.1 2.8
(1.04) (1.83)
A. mlllsl 38.2 24.9 4.9 4.3 3.4 2.4 1.7
(1.44) (1.12) (1.15) (1.14) (1.94) (1.14) (1.26)
P. deichmannae 30.9 69-0 20.7 67.8 54.4 1.8 3-7 4.4
(1.36) (1.12) (1.11) (1.11) (1.47) (1.15) (1.81) (1.49)
P. elegans 265-7 42.7 1.1 5.1 3.3 1.8
(1.18) (1.21) (1.04) (1.33) (1.62) (1.25)
C. capitata 224/4 12.0 1.3 6.1 1.1 1.4 5.0 1.3
(1.31) (1.11) (1.10) (1.18) (1.22) (1.27) (1.67) (1.14)
P. fulgens 20.2 59-4 4.0 7.1 7.4 1.7 2.0 4.8
(1.18) (1.09) (1.13) (1.11) (2.41) (1.13) (1.38) (1.49)
S. squamata 1.5 1.5 1.1 1.5
(1.22) (1.45) (1.10) (1.06)
S. bombyx 1.6 2.1 15.2 68.1 13-5 5.8 8.4 7.3
(1.09) (1.09) (1.13) (1.07) (1.53) (1.43) (1.45) (1.38)
Archlannelid 26.6 4l.6 27.4 10.7 26.5 2.9
(1.19) (1.17) (1.89) (1.31) (2.01) (1.29)
A. ,i efRreysii 1.6 4.7 2.5 11.2 31.8 6.3
(1.07) (1.16) (1.80) (1.66) (2.83) (1.69)
S. kowalevskii 38.3 9/8
_______________ (1.17) (1-14)
L. caeca “T 7E 22T5 I/T-
(1.37) (2.49) (1.26)
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